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(57) ABSTRACT

An object of the present invention is to make it possible for
smart devices such as smartphones to provide new operability
to users. A gesture detecting device includes a motion detect-
ing unit and a processor. The processor calculates deviation
value outputted by the motion detecting unit. At timing when
the deviation value exceeds a threshold value at the time of
shaking out, the processor obtains a direction determination
value at the time of shaking out, whereas at timing when the
deviation value falls below a threshold value at the time of
shaking back the smartphone, the processor obtains a direc-
tion determination value at the time of shaking back. Further,
on the basis of a combination of the direction determination
value, the processor detects a gesture of the gesture detecting
device.
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GESTURE DETECTING DEVICE, GESTURE
RECOGNITION DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent
Application No. 2013-236049, filed Nov. 14, 2013, which is
hereby incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gesture detecting device
and gesture recognition device. More specifically, the present
invention relates to a gesture detecting device that can detect
gestures, and a gesture recognition device that can recognize
gestures.

2. Description of the Related Art

As a method for making smart devices such as smart
phones recognize information such as characters, a known
input method uses a smart keyboard displayed on a touch
screen display of a smart device (for example, Japanese
Patent LLaid-Open No. 2012-256100, or Japanese Patent Laid-
Open No. 2013-131853). Also, to operate an interface or the
like displayed on the touch screen display of the smart device,
a user can use a finger or a stylus pen to perform a touch
operation.

However, the size of a touch screen display of a smart
device is limited, and therefore inputting information such as
characters through a smart keyboard may be difficult for a
user. Also, when wearing gloves for going out or the like in
winter, there is a problem that a smart device cannot recog-
nize a touch operation on a touch screen display. Further, in
workplaces where wearing gloves is required for on-site
work, such as in factories, it is difficult to perform a touch
operation on a smart device.

To solve the above problems, there is disclosed a smart
device that recognizes a gesture by a user’s finger through a
touch screen display of the smart device and performs an
operation related to the gesture.

There is also known a smartphone that recognizes a gesture
in space to the smart device, and according to the recognized
gesture, changes the display content of a keyboard object.

In addition, in the case where a touch operation on a smart
device is difficult, a technique that operates the smart device
by voice is also known; however, operability at the time of
operating various buttons and various interfaces displayed on
a touch screen display of the smart device is problematic.

According to the present invention, a smart device such as
asmartphone detects gestures, and on the basis ofthe detected
gestures, performs various processes. The present invention
intends to, on the basis of this, provide new operability to
users in smart devices such as smartphones.

SUMMARY OF THE INVENTION

An object of the present invention is to make it possible for
smart devices such as smartphones to provide new operability
to users.

In the aspect of the present invention, there is provided a
gesture detecting device including: a motion detecting unit;
and a processor, wherein the motion detecting unit outputs
pieces of deviation value in three-dimensional sensor axis
directions in response to a gesture made to the gesture detect-
ing device, and wherein the processor is configured to: when
in response to the gesture made to the gesture detecting
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device, first deviation value on a first sensor axis changes so as
to exceed a threshold value, and then the first deviation value
on the first sensor axis changes so as to fall below the thresh-
old value, detect a tilt of the gesture detecting device to obtain
a first direction determination value for the first sensor axis;
when in response to the gesture made to the gesture detecting
device, second deviation value on a second sensor axis
changes so as to exceed a threshold value, and then the second
deviation value on the second sensor axis changes so as to fall
below the threshold value, detect a tilt of the gesture detecting
device to obtain a second direction determination value for
the second sensor axis; and while in response to the gesture
made to the gesture detecting device, third deviation value on
a third sensor axis is changing so as to exceed a threshold
value, obtain neither the first direction determination value
nor the second direction determination value, and thereby
detects the gesture made to the gesture detecting device.
Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an appearance front view of a smartphone in an
embodiment;

FIG. 2is an appearance perspective view of the smartphone
in the embodiment;

FIG. 3 is a block configuration diagram illustrating func-
tions of the smartphone in the embodiment;

FIG. 4A and FIG. 4B are an example of a gesture of the
smartphone in the embodiment;

FIG. 5A and FIG. 5B are an example of a gesture of the
smartphone in the embodiment;

FIG. 6 is an example of shake gestures of the smartphone in
the embodiment;

FIG. 7 is atiming chart illustrating gesture detecting modes
of the smartphone in the embodiment;

FIG. 8 is a timing chart illustrating gesture detecting modes
of the smartphone in the embodiment;

FIG. 9 is an example of spin gestures of the smartphone in
a variation;

FIG. 10 is a timing chart illustrating gesture detecting
modes of the smartphone in the variation;

FIG. 11 is a timing chart illustrating the gesture detecting
modes in the variation;

FIG. 12 is a table illustrating a relationship between a
gesture and determination values in the embodiment;

FIG. 13 is a screen transition diagram of the smartphone in
the embodiment;

FIG. 14 is a processing flowchart of the smartphone in the
embodiment;

FIG. 15 is a processing flowchart of the smartphone in the
embodiment;

FIG. 16 is a processing flowchart of the smartphone in the
embodiment;

FIG. 17 is a processing flowchart of the smartphone in the
embodiment;

FIG. 18 is a processing flowchart of the smartphone in the
embodiment;

FIG. 19 is a processing flowchart of the smartphone in the
embodiment;

FIG. 20 is a processing flowchart of the smartphone in the
embodiment;

FIG. 21 is a processing flowchart of the smartphone in the
embodiment;

FIG. 22 is a processing flowchart of the smartphone in the
embodiment;
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FIG. 23 is a processing flowchart of the smartphone in the
embodiment;

FIG. 24 is a processing flowchart of the smartphone in the
embodiment;

FIG. 25 is a processing flowchart of the smartphone in the
embodiment;

FIG. 26 is a processing flowchart of a smartphone in a
second embodiment;

FIG. 27 is a screen transition diagram of the smartphone in
the second embodiment;

FIG. 28 is a screen display example of a smartphone in a
third embodiment;

FIG. 29 is a table illustrating a relationship between a
gesture determination value and outputs in the third embodi-
ment;

FIG. 30 is a sound/image output example of the smart-
phone in the third embodiment;

FIG. 31 is an explanatory diagram of gesture modes of the
smartphone in the third embodiment;

FIG. 32 is an explanatory diagram of gesture modes of the
smartphone in the third embodiment;

FIG. 33 is a processing flowchart of the smartphone in the
third embodiment;

FIG. 34 is a screen display example of a smartphone in a
fourth embodiment;

FIG. 35 is a table illustrating a relationship between a
gesture and operation contents;

FIG. 36 is a diagram showing the relationship between
FIGS. 36A and 36B;

FIG. 36A is a screen transition diagram of the smartphone
in the fourth embodiment;

FIG. 36B is a screen transition diagram of the smartphone
in the fourth embodiment;

FIG. 37 is a block configuration diagram illustrating func-
tions of a smartphone in a fifth embodiment;

FIG. 38 is a block configuration diagram illustrating func-
tions of a neural network calculation unit in the fifth embodi-
ment;

FIG. 39A, FIG. 39B and FIG. 39C are an explanatory
diagram illustrating data tables in the fiftth embodiment;

FIG. 40 is an explanatory diagram illustrating details of a
neural network in the fifth embodiment;

FIG. 41 is a diagram showing the relationship between
FIGS. 41A and 41B;

FIG. 41A is aprocessing flowchart of the smartphone in the
fifth embodiment;

FIG. 41B is a processing flowchart of the smartphone in the
fifth embodiment;

FIG. 42 is a diagram showing the relationship between
FIGS. 42A and 42B;

FIG. 42A is a processing flowchart of the smartphone in the
fifth embodiment; and

FIG. 42B is a processing flowchart of the smartphone in the
fifth embodiment.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

An embodiment of the present invention is described with
reference to the drawings. In the following embodiment, a
gesture detecting device capable of detecting a gesture in
space is described. As the gesture detecting device, a smart-
phone is taken as an example for the description.

FIGS. 1 and 2 are appearance diagrams of the smartphone
1 in this embodiment of the present invention. As illustrated in
FIGS. 1 and 2, the smartphone 1 has a housing 2, touch screen
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display 130, operation buttons 140, speakers 150, micro-
phone 160, and camera 170. The touch screen display 130 can
detect the touch of a finger, a stylus pen, or the like.

FIG. 3 is a block configuration diagram of the smartphone
1inthis embodiment of the present invention. As illustrated in
FIG. 3, the smartphone 1 has: a processor 100; and a motion
detecting unit 110, storage unit 120, touch screen display 130,
operation buttons 140, speakers 150, microphone 160, cam-
era 170, and communication unit 180 that are respectively
connected to the processor 100.

The processor 100 includes a calculation circuit such as a
central processing unit (CPU), and performs integrated con-
trol of processing of the smartphone 1. The processor 100
appropriately calls data stored in the storage unit 120, and
executes instructions stored in a control program 121. Also,
the processor 100 appropriately calls a value outputted by the
motion detecting unit 110, and executes instructions stored in
a gesture processing program 122.

The motion detecting unit 110 is configured to include an
acceleration sensor 111, angular velocity sensor 112, and
geomagnetic sensor 113, and each of the sensors can detect
displacements of distance, velocity, direction, angle, and the
like. In order to detect the action ofthe smartphone 1 in space,
output results from the acceleration sensor, angular velocity
sensor, and geomagnetic sensor are utilized in combination.

The storage unit 120 includes storage devices such as a
semiconductor storage device and a magnetic storage device,
and stores programs and data. The storage unit 120 has the
control program 121, gesture processing program 122,
authentication application 123, and data storage unit 124.

The control program 121 is for making each control of the
smartphone 1 function. Specifically, the control program 121
stores input from the touch screen display or any of the
operation buttons 140 in the data storage unit 124 as data, and
appropriately calls the data to execute instructions stored in
the control program 121, thus performing data processing.

The gesture processing program 122 can detect a gesture of
the smartphone 1 to store a gesture determination value cor-
responding to the detected gesture in the data storage unit
124.

The authentication application 123 is an application pro-
gram that performs personal authentication of a user on the
basis of information such as characters, figures, and/or sym-
bols inputted through the touch screen display 130. Also, the
authentication application 123 can perform personal authen-
tication of a user on the basis of gesture determination values
outputted by the gesture processing program 122. Details will
be described later.

The data storage unit 124 is a data storage area for storing
various pieces of data used by the gesture processing program
122 and authentication application 123.

The touch screen display 130 functions as a display unit,
and can detect the touch of a finger, a stylus pen, or the like by
a user as well as displaying characters, images, symbols,
and/or the like.

The operation buttons 140 are arranged at multiple posi-
tions of the smartphone 1, and can variously work the smart-
phone 1 by being pressed by a user. For example, 140A and
1408 respectively represent a home button, and a sleep/sleep
cancel button. Also, 140C and 140D are volume buttons. This
specification does not refer to each type of buttons, but simply
refers to the “buttons 140”.

The speakers 150 are for outputting, for example, a ring-
tone, or music. Specifically, on the basis of an instruction of
the processor 100, sound data stored in the data storage unit
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124 is converted to a sound signal and then transmitted to the
speakers 150, and the speakers 150 having received the sound
signal output sound.

The microphone 160 is one for inputting user’s speech.
Specifically, on the basis of an instruction of the processor
100, sound is converted into a sound signal through the micro-
phone 160.

The camera 170 is for photographing an object. A signal
resulting from photographing by the camera 170 is converted
into data by the processor 100, and the converted data is
stored in the data storage unit 124.

The communication unit 180 performs communication
wirelessly based on a method provided by publicly-known
wireless communication standards. As wireless communica-
tion standards, there are cellular phone communication stan-
dards such as 4G standards. As the cellular phone communi-
cation standards, there are, for example, LTE (Long Term
Evolution), WiMAX (Worldwide Interoperability for Micro-
wave Access), Wi-Fi, and the like. The communication unit
180 can support at least one of such communication stan-
dards.

FIGS. 4A and 4B are diagram illustrating a gesture of the
smartphone 1 in the left-right direction in three-dimensional
coordinates. FIG. 4A is a perspective view illustrating tilting
the smartphone 1 leftward in the three-dimensional coordi-
nates, and FIG. 4B is a front view illustrating tilting the
smartphone 1 leftward in the three-dimensional coordinates.

In FIGS. 4A and 4B, the point P is positioned at substan-
tially the center of the smartphone 1, and coincides with the
origin (0, 0, 0) of the three-dimensional coordinates. When
tilting the smartphone 1 leftward substantially around the
point P in an xy plane around the z-axis, the smartphone 1 is
tilted in a posture indicated by a chain double-dashed line in
FIGS. 4A and 4B with the smartphone 1 directing the touch
screen display 130 toward a user. When doing this, the gesture
processing program 122 calculates a tilt angle of the smart-
phone 1 in the Xy plane around the z axis using deviation value
outputted from the acceleration sensor 111.

Here, the calculation of the tilt angle of the smartphone 1 is
described. As illustrated in FIGS. 4A and 4B, in order to
detect the tilt of the smartphone in the xy plane around the z
axis, given that the deviation value detected with respect to a
sensor axis (x1, yl, z1) is (axl, ayl, azl), a calculation
expression for the tilt with respect to the earth axis (X, v, Z) is
as follows:

The tilt angle 8 of the smartphone 1 around the z axis:
atan(ayl/ax1).

The above calculation expression is based on a publicly-
known technique, which does not limit a calculation method,
and the deviation value (ax1, ay1, az1), another sensor output,
or another calculation expression may be applied.

In the present embodiment, according to the above calcu-
lation expression, as the tilt angle 0 of the smartphone 1 in the
xy plane around the z axis, when tilting the smartphone 1
leftward, a minus value is outputted, whereas when tilting the
smartphone 1 rightward, a plus value is outputted.

Further, in the present embodiment, when the tilt angle of
the smartphone 1 exceeds a predetermined angle, a gesture of
the smartphone 1 spinning (hereinafter referred to as a “spin
gesture”) can be detected.

In order to detect how much the smartphone 1 is tilted with
respect to the y axis, in the present embodiment, part of the
deviation value ay1 from the acceleration sensor 111 is used.
In FIGS. 4A and 4B, when the smartphone 1 is positioned as
indicated by a solid line, a value of ayl outputted by the
acceleration sensor is “~17. Also, in FIGS. 4A and 4B, when
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the smartphone 1 is tilted toward the posture indicated by the
chain double-dashed line and tilted at 90 degrees, the value of
ayl is “0”.

From the above, when the part of the deviation value ayl
outputted by the acceleration sensor 111 exceeds the prede-
termined value (in the present embodiment, “0”), it is deter-
mined that the smartphone 1 performs spin gesture behavior.

FIGS. 5A and 5B are diagram illustrating a gesture of the
smartphone 1 in the front-back direction in the three-dimen-
sional coordinates according to the embodiment of the
present invention. FIG. 5A is a perspective view illustrating
tilting the smartphone 1 backward in the three-dimensional
coordinates, and FIG. 5B is a front view illustrating tilting the
smartphone 1 backward in the three-dimensional coordi-
nates.

In FIGS. 5A and 5B, the point P is positioned at substan-
tially the center of the smartphone 1, and coincides with the
origin (0, 0, 0) of the three-dimensional coordinates. When
tilting the smartphone 1 backward substantial around the
point P in a yz plane around the x-axis, the smartphone 1
changes the normal direction of the touch screen display 130
from a user direction to an upper direction, and is tilted in a
posture indicated by a chain double-dashed line in FIGS. 5A
and 5B. When doing this, the gesture processing program 122
calculates a tilt angle of the smartphone 1 in the yz plane
around the x axis using deviation value outputted from the
acceleration sensor 111.

Here, the calculation of the tilt angle of the smartphone 1 in
the yz plane around the x axis is described. As illustrated in
FIGS. 5A and 5B, in order to detect the tilt of the smartphone
1 in the yz plane around the x axis, given that the deviation
value detected with respect to the sensor axis (x1, y1, z1) is
(ax1, ayl, azl), a calculation expression for the tilt with
respect to the earth’s axis (X, y, z) is as follows:

The tilt angle 0 of the smartphone 1 around the x axis:
atan(ayl/azl).

The above calculation expression is based on the publicly-
known technique, which does not limit a calculation method,
and the deviation value (ax1, ay1, az1), another sensor output,
or another calculation expression may be applied.

In the present embodiment, according to the above calcu-
lation expression, as the tilt angle 6 of the smartphone 1 in the
yz plane around the x axis, when tilting the smartphone 1
backward, a minus value is outputted, whereas when tilting
the smartphone frontward, a plus value is outputted.

Further, in the present embodiment, when the tilt angle of
the smartphone 1 exceeds a predetermined angle, a spin ges-
ture of the smartphone 1 can be detected.

In order to detect how much the smartphone 1 is tilted with
respectto the y axis, in the present embodiment, the part of the
deviation information ay1 from the acceleration sensor 111 is
used. In FIGS. 5A and 5B, when the smartphone 1 is posi-
tioned as indicated by a solid line, a value of ay1 outputted by
the acceleration sensor is “~1”. Also, in FIGS. 5A and 5B,
when the smartphone 1 is tilted toward the posture indicated
by the chain double-dashed line and is tilted at 90 degrees, the
value of ayl is “0”. From the above, when the part of the
deviation value ay1 outputted by the acceleration sensor 111
exceeds the predetermined value (in the present embodiment,
“0”), it is determined that the smartphone 1 has performed a
spin gesture.

FIG. 6 is a conceptual diagram illustrating modes to detect
gestures of shaking the smartphone 1 in predetermined direc-
tions (hereinafter referred to “shake gestures” in this specifi-
cation) with a user holding the smartphone 1 in his/her hand.
In FIG. 6, the user can make (1) a leftward shake gesture of
tilting the smartphone 1 leftward from (0) a basic posture a



US 9,261,969 B2

7

predetermined angle, and then restoring the smartphone to the
basic posture. Similarly, the user can make (2) a left-back-
ward shake gesture, (3) a backward shake gesture, (4) a right-
backward shake gesture, (5) a rightward shake gesture, (6) a
right-frontward shake gesture, (7) a frontward shake gesture,
and (8) a left-frontward shake gesture.

In the present embodiment, the smartphone 1 as a gesture
detecting device can detect the shake gestures in the eight
directions, i.e., leftward, left-backward, backward, right-
backward, rightward, right-frontward, frontward, and left-
frontward.

Gesture detection by the smartphone 1 is described in
detail with reference to FIG. 7.

X represents coordinate information on an x axis. The coor-
dinate information is specified by part of the deviation value
ax1 outputted by the acceleration sensor 111. For example,
when the smartphone 1 is in a state of the front view in FIG.
4A and positioned as indicated by the solid line, the output
from the acceleration sensor 111 is “0”. At this time, the
gesture processing program 122 specifies an x axis coordinate
value as “0”. As the smartphone 1 is tilted toward the posture
indicated by the chain double-dashed line, the part of the
deviation value ax1 outputted by the acceleration sensor 111
decreases stepwise, and therefore the x axis coordinate value
also decreases stepwise. When the smartphone 1 is tilted
further leftward and then tilted just 90 degrees, the output
from the acceleration sensor 111 is “~1”. At this time, the
gesture processing program 122 specifies the x axis coordi-
nate value as “~1”.

7 represents coordinate information on a z axis. The coor-
dinate information is specified by part of the deviation value
azl outputted by the acceleration sensor 111. For example,
when the smartphone 1 is in a state of the front view in FIG.
5A and positioned as indicated by the solid line, the output
from the acceleration sensor 111 is “0”. At this time, the
gesture processing program 122 specifies a z axis coordinate
value as “0”. As the smartphone 1 is tilted toward the posture
indicated by the chain double-dashed line, the part of the
deviation value azl outputted by the acceleration sensor 111
decreases stepwise, and therefore the z axis coordinate value
also decreases stepwise. When the smartphone 1 is tilted
further backward and then tilted just 90 degrees, the output
from the acceleration sensor 111 is “~1”. At this time, the
gesture processing program 122 specifies the z axis coordi-
nate value as “~1”.

y represents coordinate information on a y axis. The coor-
dinate information is specified by part of the deviation value
ayl outputted by the acceleration sensor 111. For example,
when the smartphone 1 is positioned as indicated by the solid
line in FIGS. 4A and 4B or 5, the output from the acceleration
sensor 111 is “~17. At this time, the gesture processing pro-
gram 122 specifies a y axis coordinate value as “-1”. As the
smartphone 1 is tilted toward the posture indicated by the
chain double-dashed line, the part of the deviation value ay1
outputted by the acceleration sensor 111 increases stepwise,
and therefore the y axis coordinate value also increases step-
wise. When the smartphone 1 is tilted further and then tilted
just 90 degrees, the output from the acceleration sensor 111 is
“0”. At this time, the gesture processing program 122 speci-
fies the y axis coordinate value as “0”.

F(x) is an x axis determination F, and can determine a
gesture of the smartphone 1 in the left-right direction. Spe-
cifically, when shaking out the smartphone 1, F(x) obtains a
left-right determination value as a direction determination
value at timing when exceeding a threshold value at the time
of shaking out. Similarly, when shaking back the smartphone
1, F(x) obtains a left-right determination value as a direction
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determination value at timing when falling below a threshold
value at the time of shaking back. The left-right determination
values are respectively related to directions, and on the basis
of a combination of the obtained left-right determination
values, it can be determined which direction a tilt angle equal
to or more than the predetermined angle is formed in.

Similarly, F(z) is a z axis determination F, and can deter-
mine a gesture of the smartphone 1 in the front-back direc-
tion. Specifically, when shaking out the smartphone 1, F(x)
obtains a front-back determination value as a direction deter-
mination value at timing when exceeding a threshold value at
the time of shaking out. Similarly, when shaking back the
smartphone 1, F(x) also obtains a front-back determination
value as a direction determination value at timing when fall-
ing below a threshold value at the time of shaking back. The
front-back determination values are respectively related to
directions, and on the basis of a combination of the obtained
front-back determination values, it can be determined which
direction a tilt angle equal to or more than the predetermined
angle is formed in. Further, F(y) is a y axis tilt determination
F, and outputs +1 when y outputted by the acceleration sensor
111 exceeds a predetermined value.

tr(x) is a trigger signal, and rises or falls at timing when the
smartphone 1 performs specific behavior along the x axis. In
the present embodiment, rising of tr(X) triggers detection of a
state of a below-described toggle signal tg(x), as well as
starting a below-described evaluation function G.

tr(z) is a trigger signal, and rises or falls at timing when the
smartphone 1 performs specific behavior along the z axis. In
the present embodiment, rising of tr(z) triggers detection of a
state of a below-described toggle signal tg(z), as well as
starting the below-described evaluation function G.

tg(x) is the toggle signal, and in order to determine switch-
ing of a gesture of the smartphone 1, rises or falls at prede-
termined timing. Further, on the basis of a change in state of
tg(x), the evaluation function G is performed. Details will be
described later.

tg(z) is the toggle signal, and in order to determine switch-
ing of a gesture of the smartphone 1, rises or falls at prede-
termined timing. Further, on the basis of a change in state of
tg(z), the evaluation function G is performed. Details will be
described later.

The evaluation function G is a gesture evaluation function
G, and on the basis of outputs of F(x), F(z), F(y), tr(x), tr(z),
tg(x), and tg(z), outputs gesture determination values. The
gesture determination values are respectively values of L, 1b,
B, rb, R, rf, F, and 1f, which respectively correspond to the
eight types of directions, i.e., leftward, left-backward, back-
ward, right-backward, right, right-frontward, frontward, and
left-frontward. The smartphone 1 in the present embodiment
can determine a shake gesture in any of the eight types of
directions, i.e., leftward, left-backward, backward, right-
backward, right, right-frontward, frontward, and left-front-
ward by performing a process such as referring to a table that
preliminarily stores the gesture determination values. In addi-
tion, depending on setting of the gesture evaluation function
G, more detailed directions can also be set.

Next, the gesture detection by the smartphone 1 is
described in detail with reference to a timing chart in FIG. 7.

When the smartphone 1 is shaken leftward, x decreases
stepwise. When x falls below a threshold value s2in, it is
sensed that the smartphone 1 is tilted leftward, exceeding the
predetermined angle (t1). At this time, F(x) obtains -2 as the
left-right determination value. F(x) performs the determina-
tion process on the basis of the left-right determination value
-2 to determine “L.” indicating the leftward shake gesture
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(t1). In synchronization with this timing, tr(x) lowers a signal
from +1 to 0 (t1), and tg(x) raises a signal from 0 to +1 (t1).

When the smartphone 1 is shaken back rightward, x
increases stepwise. When x exceeds a threshold value stout, it
is sensed that the smartphone 1 is tilted rightward, exceeding
the predetermined angle (t2). At this time, F(x) obtains -3 as
the left-right determination value. F(x) performs the determi-
nation process on the basis of the left-right determination
value -2 at t1 and the left-right determination value -3 att2 to
determine “L.” indicating the leftward shake gesture (12). In
synchronization with this timing, tr(x) raises the signal from
0to +1 (t2).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not states of tg(x) and tg(z)
are changed (12). In this example, a value of tg(x) changes
from 0 (t0) to +1 (12), whereas a value of tg(z) remains at O (t0
to t2). The evaluation function G adopts “L”, which is the
output value of F(x) at t2, on the basis of the change in state of
tg(x). From the above, on the basis of adopting “L”, the
evaluation function G determines “L” indicating that a ges-
ture of the smartphone 1 is the leftward shake gesture (t2).

When the smartphone 1 is shaken lefi-backward, x and z
decrease stepwise. When x falls below the threshold value
s2in, it is sensed that the smartphone 1 is tilted leftward,
exceeding the predetermined angle (t3). At this time, F(x)
obtains -2 as the left-right determination value. F(x) per-
forms the determination process on the basis of the left-right
determination value -2, and determines indicating the left-
ward shake gesture (t3). In synchronization with this timing,
tr(x) lowers the signal from +1 to 0 (3), and tg(x) lowers the
signal from +1 to O (t3). Similarly, when z falls below a
threshold value s4in, it is sensed that the smartphone 1 is tilted
backward, exceeding the predetermined angle (t3). At this
time, F(z) obtains -2 as the front-back determination value.
F(z) performs the determination process on the basis of the
front-back determination value -2 to determine “B” indicat-
ing the backward shake gesture (t3). In synchronization with
this timing, tr(z) lowers a signal from +1 to O (t3), and tg(z)
raises a signal from O to +1 (t3).

When the smartphone 1 is shaken back right-frontward, x
and z increase stepwise. When x exceeds the threshold value
stout, it is sensed that the smartphone 1 is tilted rightward,
exceeding the predetermined angle (t4). At this time, F(x)
obtains -3 as the left-right determination value. F(x) per-
forms the determination process on the basis of the left-right
determination value -2 at t3 and the left-right determination
value -3 at t4 to determine “L.” indicating the leftward shake
gesture (t4). In synchronization with this timing, tr(x) raises
the signal from O to +1 (t4). Similarly, when z exceeds a
threshold value stout, it is sensed that the smartphone 1 is
tilted frontward, exceeding the predetermined angle (t4). At
this time, F(z) obtains -3 as the front-back determination
value. F(z) performs the determination process on the basis of
the front-back determination value -2 at t3 and the front-back
determination value -3 at t4 to determine “B” indicating the
backward shake gesture (t4). In synchronization with this
timing, tr(z) raises the signal from 0 to +1 (t4).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t4). In this example, the value of tg(x)
changes from +1 (12) to 0 (t4), and also the value of tg(z)
changes from O (t2) to +1 (t4). The evaluation function G
adopts “L” and “B”, which are the determination values of
both of F(x) and F(z) at t4, on the basis of the changes in states
of tg(x) and tg(z). From the above, on the basis of adopting
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“L” and “B”, the evaluation function G determines “1b” indi-
cating that a gesture of the smartphone 1 is the left-backward
shake gesture (14).

When the smartphone 1 is shaken backward, z decreases
stepwise. When z falls below the threshold value s4in, it is
sensed that the smartphone 1 is tilted backward, exceeding
the predetermined angle (t5). At this time, F(z) obtains -2 as
the front-back determination value. F(z) performs the deter-
mination process on the basis of the front-back determination
value -2 to determine “B” indicating the backward shake
gesture (t5). In synchronization with this timing, tr(z) raises
the signal from +1 to 0 (t5), and tg(z) lowers the signal from
+1 to 0 (15).

When the smartphone 1 is shaken back frontward, z
increases stepwise. When z exceeds the threshold value
sdout, it is sensed that the smartphone 1 is tilted frontward,
exceeding the predetermined angle (t6). At this time, F(z)
obtains -3 as the front-back determination value. F(z) per-
forms the determination process on the basis of the front-back
determination value -2 at t5 and the front-back determination
value -3 at t6 to determine “B” indicating the backward shake
gesture (t6). In synchronization with this timing, tr(z) raises
the signal from 0 to +1 (t6).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t6). In this example, the value of tg(x)
remains at O (t4 to t6), whereas the value oftg(z) changes from
+1 (t4) 10 0 (t6). The evaluation function G adopts “B”, which
is the output value of F(z) at t6, on the basis of the change in
state of tg(z). From the above, on the basis of adopting “B”,
the evaluation function G determines “B” indicating that a
gesture of the smartphone 1 is the backward shake gesture
(t6).

When the smartphone 1 is shaken right-backward, x
increases stepwise and z decreases stepwise. When x exceeds
a threshold value slin, it is sensed that the smartphone 1 is
tilted rightward, exceeding the predetermined angle (t7). At
this time, F(x) obtains +2 as the left-right determination
value. F(x) performs the determination process on the basis of
the left-right determination value +2 to determine “R” indi-
cating the rightward shake gesture (t7). In synchronization
with this timing, tr(x) lowers the signal from +1 to 0 (t7), and
tg(x) raises the signal from O to +1 (t7). Similarly, when z falls
below the threshold value s4in, it is sensed that the smart-
phone 1 is tilted backward, exceeding the predetermined
angle (t7). At this time, F(z) obtains -2 as the front-back
determination value. F(z) performs the determination process
on the basis of the front-back determination value -2 to
determine “B” indicating the backward shake gesture (t7). In
synchronization with this timing, tr(z) lowers the signal from
+1 to O (17), and tg(z) raises the signal from 0 to +1 (t7).

When the smartphone 1 is shaken back left-frontward, x
decreases stepwise and z increases stepwise. When x falls
below a threshold value slout, itis sensed that the smartphone
1istilted leftward, exceeding the predetermined angle (t8). At
this time, F(x) obtains +3 as the left-right determination
value. F(x) performs the determination process on the basis of
the left-right determination value +2 at t7 and the left-right
determination value +3 at t8 to determine “R” indicating the
rightward shake gesture (18). In synchronization with this
timing, tr(x) raises the signal from 0 to +1 (t8). Similarly,
when z exceeds the threshold value s4out, it is sensed that the
smartphone 1 is tilted frontward, exceeding the predeter-
mined angle (t8). At this time, F(z) obtains -3 as the front-
back determination value. F(z) performs the determination
process on the basis of the front-back determination value -2
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at t7 and the front-back determination value -3 at t8 to deter-
mine “B” indicating the backward shake gesture (t8). In syn-
chronization with this timing, tr(z) raises the signal from 0 to
+1 (t8).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t8). In this example, the value of tg(x)
changes from 0 (t6) to +1 (t8), and also the value of tg(z)
changes from O (t6) to +1 (t8). The evaluation function G
adopts “R” and “B”, which are the determination values of
both of F(x) and F(z) at t8, on the basis of the changes in states
of tg(x) and tg(z). From the above, on the basis of adopting
“R” and “B”, the evaluation function G determines “rb” indi-
cating that a gesture of the smartphone 1 is the right-backward
shake gesture (18).

When the smartphone 1 is shaken rightward, x increases
stepwise. When x exceeds the threshold value slin, it is
sensed that the smartphone 1 is tilted rightward, exceeding
the predetermined angle (19). At this time, F(x) obtains +2 as
the left-right determination value. F(x) performs the determi-
nation process on the basis of the left-right determination
value +2 to determine “R” indicating the rightward shake
gesture (19). In synchronization with this timing, tr(x) lowers
the signal from +1 to 0 (19), and tg(x) lowers the signal from
+1 t0 0 (19).

When the smartphone 1 is shaken back leftward, x
decreases stepwise. When x falls below the threshold value
slout, it is sensed that the smartphone 1 is tilted leftward,
exceeding the predetermined angle (t10). At this time, F(x)
obtains +3 as the left-right determination value. F(x) per-
forms the determination process on the basis of the left-right
determination value +2 at t9 and the left-right determination
value +3 at t10 to determine “R” indicating the rightward
shake gesture (t10). In synchronization with this timing, tr(x)
raises the signal from 0 to +1 (t10).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (110). In this example, the value of tg(x)
changes from +1 (t8) to O (t10), whereas the value of tg(z)
remains at +1 (8 to t10). The evaluation function G adopts
“R”, which is the output value of F(z) at t10, on the basis of the
change in state of tg(x). From the above, on the basis of
adopting “R”, the evaluation function G determines “R” indi-
cating that a gesture of the smartphone 1 is the rightward
shake gesture (t10).

When the smartphone 1 is shaken right-frontward, x and z
increase stepwise. When x exceeds the threshold value slin, it
is sensed that the smartphone 1 is tilted rightward, exceeding
the predetermined angle (t11). At this time, F(x) obtains +2 as
the left-right determination value. F(x) performs the determi-
nation process on the basis of the left-right determination
value +2 to determine “R” indicating the rightward shake
gesture (t11). In synchronization with this timing, tr(x) lowers
the signal from +1 to O (t11), and tg(x) raises the signal from
0 to +1 (t11). Similarly, when z exceeds a threshold value
s3in, it is sensed that the smartphone 1 is tilted frontward,
exceeding the predetermined angle (t11). At this time, F(z)
obtains +2 as the front-back determination value. F(z) per-
forms the determination process on the basis of the front-back
determination value +2 to determine “F” indicating the front-
ward shake gesture (t11). In synchronization with this timing,
tr(z) lowers the signal from +1 to 0 (t11), and tg(z) lowers the
signal from +1 to O (t11). When the smartphone 1 is shaken
back left-backward, x and z decrease stepwise. When x falls
below the threshold value slout, it is sensed that the smart-

30

40

45

12

phone 1 is tilted leftward, exceeding the predetermined angle
(t12). At this time, F(x) obtains +3 as the left-right determi-
nation value. F(x) performs the determination process on the
basis of the left-right determination value +2 at t11 and the
left-right determination value +3 at t12 to determine “R”
indicating the rightward shake gesture (t12). In synchroniza-
tion with this timing, tr(x) raises the signal from 0 to +1 (t12).
Similarly, when z falls below a threshold value s3out, it is
sensed that the smartphone 1 is tilted backward, exceeding
the predetermined angle (t12). At this time, F(z) obtains +3 as
the front-back determination value. F(z) performs the deter-
mination process on the basis of the front-back determination
value +2 at t11 and the front-back determination value +3 at
t12 to determine “F” indicating the frontward shake gesture
(t12). In synchronization with this timing, tr(z) raises the
signal from O to +1 (t12).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t12). In this example, the value of tg(x)
changes from 0 (t10) to +1 (t12), and also the value of tg(z)
changes from +1 (t10) to 0 (t12). The evaluation function G
adopts “R” and “F”, which are the determination values of
both of F(x) and F(z) at t12, on the basis of the changes in
states of tg(x) and tg(z). From the above, on the basis of
adopting “R” and “F”, the evaluation function G determines
“rf” indicating that a gesture of the smartphone 1 is the right-
frontward shake gesture (t12).

When the smartphone 1 is shaken frontward, z increases
stepwise. When z exceeds the threshold value s3in, it is
sensed that the smartphone 1 is tilted frontward, exceeding
the predetermined angle (t13). At this time, F(z) obtains +2 as
the front-back determination value. F(z) performs the deter-
mination process on the basis of the front-back determination
value +2 to determine “F” indicating the frontward shake
gesture (t13). In synchronization with this timing, tr(z) lowers
the signal from +1 to O (t13), and tg(z) raises the signal from
0 to +1 (t13). When the smartphone 1 is shaken back back-
ward, z decreases stepwise. When z falls below the threshold
value s3out, it is sensed that the smartphone 1 is tilted back-
ward, exceeding the predetermined angle (t14). At this time,
F(z) obtains +3 as the front-back determination value. F(z)
performs the determination process on the basis of the front-
back determination value +2 at t13 and the front-back deter-
mination value +3 at t14 to determine “F” indicating the
frontward shake gesture (t14). In synchronization with this
timing, tr(z) raises the signal from 0 to +1 (t14).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t14). In this example, the value of tg(x)
remains at +1 (t12 to t14), whereas the value of tg(z) changes
from O (t12) to +1 (t14). The evaluation function G adopts
“F”, which is the output value of F(z) at t14, on the basis of the
change in state of tg(z). From the above, on the basis of
adopting “F”, the evaluation function G determines “F” indi-
cating that a gesture of the smartphone 1 is the frontward
shake gesture (t14).

When the smartphone 1 is shaken left-frontward, x
decreases stepwise and z increases stepwise. When x falls
below the threshold value s2in, it is sensed that the smart-
phone 1 is tilted leftward, exceeding the predetermined angle
(t15). At this time, F(x) obtains -2 as the left-right determi-
nation value. F(x) performs the determination process on the
basis of the left-right determination value -2 to determine “L.”
indicating the leftward shake gesture (t15). In synchroniza-
tion with this timing, tr(x) lowers the signal from +1 to 0 (t15),
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and tg(x) lowers the signal from +1 to 0 (t15). Similarly, when
z exceeds the threshold value s3in, it is sensed that the smart-
phone 1 is tilted frontward, exceeding the predetermined
angle (t15). At this time, F(z) obtains +2 as the front-back
determination value. F(z) performs the determination process
on the basis of the front-back determination value +2 to
determine “F” indicating the frontward shake gesture (t15). In
synchronization with this timing, tr(z) lowers the signal from
+1 to 0 (t15), and tg(z) lowers the signal from +1 to 0 (t15).

When the smartphone 1 is shaken back right-backward, x
increases stepwise and z decreases stepwise. When x exceeds
the threshold value stout, it is sensed that the smartphone 1 is
tilted rightward, exceeding the predetermined angle (t16). At
this time, F(x) obtains -3 as the left-right determination
value. F(x) performs the determination process on the basis of
the left-right determination value -2 at t15 and the left-right
determination value -3 at t16 to determine “L” indicating the
leftward shake gesture (t16). In synchronization with this
timing, tr(x) raises the signal from O to +1 (t16). Similarly,
when z falls below the threshold value s3out, it is sensed that
the smartphone 1 is tilted backward, exceeding the predeter-
mined angle (t16). At this time, F(z) obtains +3 as the front-
back determination value. F(z) performs the determination
process on the basis of the front-back determination value +2
at t15 and the front-back determination value +3 at t16 to
determine “F” indicating the frontward shake gesture (t16). In
synchronization with this timing, tr(z) raises the signal from
0to +1 (t16).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (116). In this example, the value of tg(x)
changes from +1 (t14) to 0 (t16), and also the value of tg(z)
changes from +1 (t14) to 0 (t16). The evaluation function G
adopts “L” and “F”, which are the determination values of
both of F(x) and F(z) at t16, on the basis of the changes in
states of tg(x) and tg(z). From the above, on the basis of
adopting “L.”” and “F”, the evaluation function G determines
“If” indicating that a gesture of the smartphone 1 is the left-
frontward shake gesture (t16).

In the timing chart of FIG. 7, described is the case where
the smartphone 1 is shaken in the left-right direction and in
the front-back direction at substantially the same timing;
however, even in the case where the smartphone 1 is shaken in
the left-right direction and in the front-back direction at dif-
ferent timings, the evaluation function G can determine a
gesture of the smartphone 1.

In the following, the gesture detection by the smartphone 1
is described in detail with reference to a timing chart in FIG.
8. Note that description of gesture detection modes redundant
with those in FIG. 7 is omitted, and gesture detection from t7
to t12 in FIG. 8 is described below.

In FIG. 8, when the smartphone 1 is shaken leftward at t7,
x decreases stepwise. When x falls below the threshold value
s2in, it is sensed that the smartphone 1 is tilted leftward,
exceeding the predetermined angle (t7). At this time, F(x)
obtains -2 as the left-right determination value. F(x) per-
forms the determination process on the basis of the left-right
determination value -2 to determine “L” indicating the left-
ward shake gesture (t7). In synchronization with this timing,
tr(x) lowers the signal from +1 to 0 (t7), and tg(x) raises the
signal from O to +1 (t7).

When the smartphone 1 is shaken frontward, z increases
stepwise. When z exceeds the threshold value s3in, it is
sensed that the smartphone 1 is tilted frontward, exceeding
the predetermined angle (t8). At this time, F(z) obtains +2 as
the front-back determination value. F(z) performs the deter-
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mination process on the basis of the front-back determination
value +2 to determine “F” indicating the frontward shake
gesture (t8). In synchronization with this timing, tr(z) lowers
the signal from +1 to 0, and tg(z) raises the signal from Oto +1
(t8).

When the smartphone 1 is shaken back rightward, x
increases stepwise. When x exceeds the threshold value stout,
it is sensed that the smartphone 1 is tilted rightward, exceed-
ing the predetermined angle (t9). At this time, F(x) obtains -3
as the left-right determination value. F(x) performs the deter-
mination process on the basis of the left-right determination
value -2 att7 and the left-right determination value -3 at t9 to
determine “L.” indicating the leftward shake gesture (19). In
synchronization with this timing, tr(x) raises the signal from
0to +1 (19).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (19). In this example, the value of tg(x)
changes from 0 (t6) to +1 (19), and also the value of tg(z)
changes from O (t6) to +1 (t9). The evaluation function G
adopts “L” and “F”, which are the determination values of
both of F(x) and F(z) at t9, on the basis of the changes in states
of tg(x) and tg(z). From the above, on the basis of adopting
“L” and “F”, the evaluation function G determines “If”” indi-
cating that a gesture of the smartphone 1 is the left-frontward
shake gesture (19).

When the smartphone 1 is shaken rightward, x increases
stepwise. When x exceeds the threshold value slin, it is
sensed that the smartphone 1 is tilted rightward, exceeding
the predetermined angle (t10). At this time, F(x) obtains +2 as
the left-right determination value. F(x) performs the determi-
nation process on the basis of the left-right determination
value +2 to determine “R” indicating the rightward shake
gesture (t10). In synchronization with this timing, tr(x) lowers
the signal from +1 to 0 (t10), and tg(x) lowers the signal from
+1 to 0 (110).

When the smartphone 1 is shaken back leftward, x
decreases stepwise. When x falls below the threshold value
slout, it is sensed that the smartphone 1 is tilted leftward,
exceeding the predetermined angle (t11). At this time, F(x)
obtains +3 as the left-right determination value. F(x) per-
forms the determination process on the basis of the left-right
determination value +2 at t10 and the left-right determination
value +3 at t11 to determine “R” indicating the rightward
shake gesture (t11). In synchronization with this timing, tr(x)
raises the signal from 0 to +1 (t11).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t11). In this example, the value of tg(x)
changes from +1 (19) to 0 (t11), whereas the value of tg(z)
remains at +1 (19 to t11). The evaluation function G adopts
“R”, which is the output value of F(x) at t11, on the basis of
the change in state of tg(x). From the above, on the basis of
adopting “R”, the evaluation function G determines “R” indi-
cating that a gesture of the smartphone 1 is the rightward
shake gesture (t11).

When the smartphone 1 is shaken back backward, the value
z outputted by the motion detecting unit 110 decreases step-
wise. When z falls below the threshold value s3out, it is
sensed that the smartphone 1 is tilted backward, exceeding
the predetermined angle (t12). At this time, F(z) obtains +3 as
the front-back determination value. F(z) performs the deter-
mination process on the basis of the front-back determination
value +2 at t8 and the front-back determination value +3 att12
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to determine “F” indicating the frontward shake gesture (t12).
In synchronization with this timing, tr(z) raises the signal
from O to +1 (t12).

In order to determine switching of the gesture of the smart-
phone 1 in synchronization with this timing, the evaluation
function G determines whether or not the states of tg(x) and
tg(z) are changed (t12). In this example, the value of tg(x)
remains at 0 (t11 tot12), and the value of tg(z) also remains at
+1 (t11tot12). The evaluation function G outputs neither F(x)
nor F(z) at t12 on the basis of no changes in states of tg(x) and
tg(z). On the basis of the above processing results, the evalu-
ation function G does not perform the gesture determination
process of the smartphone 1 (112).

As described above, even in the case where the smartphone
1 is tilted in the left-right direction and in the front-back
direction at different timings, the evaluation function G can
determine a gesture mode of the smartphone 1.

Also, as described above, the gesture detection by the
smartphone 1 is described by determining which direction the
smartphone 1 is tilted in. Further, detectable gestures are not
only gestures in predetermined directions, but also, for
example, spin gestures of spinning the smartphone 1.

A variation of the present embodiment is described in
detail with reference to FIGS. 9 to 11. In FIG. 9, the smart-
phone 1 illustrated in the center is in (0) the basic posture. A
mode of spinning the smartphone 1 360 degrees leftward
substantially around P in the xy plane around the z axis to
return to the basic posture is referred to as (9) a leftward spin
gesture; a mode of spinning the smartphone 1 360 degrees
backward substantially around P in the yz plane around the x
axis to return to the basic posture is referred to as (11) a
backward spin gesture; a mode of spinning the smartphone 1
360 degrees rightward substantially around P in the xy plane
around the 7 axis to return to the basic posture is referred to as
(13) a rightward spin gesture; and a mode of spinning the
smartphone 1 360 degrees frontward substantially around P in
the yz plane around the x axis to return to the basic posture is
referred to as (15) a frontward spin gesture. Further, amode of
spinning the smartphone 1 360 degrees in an intermediate
direction between (9) the leftward spin gesture and (11) the
backward spin gesture to return to the basic posture is referred
to as (10) a left-backward spin gesture; a mode of spinning the
smartphone 1 360 degrees in an intermediate direction
between (11) the backward spin gesture and (13) the right-
ward spin gesture to return to the basic posture is referred to
as (12) a right-backward spin gesture; a mode of spinning the
smartphone 1 360 degrees in an intermediate direction
between (13) the rightward spin gesture and (15) the front-
ward spin gesture to return to the basic posture is referred to
as (14) a right-frontward spin gesture; and a mode of spinning
the smartphone 1 360 degrees in an intermediate direction
between (15) the frontward spin gesture and (9) the leftward
spin gesture to return to the basic posture is referred to as (16)
a left-frontward spin gesture.

When detecting the respective spin gestures, the smart-
phone 1 respectively outputs values of cl, cr, cf, cb, clb, clf,
crb, and crf as gesture determination values, which respec-
tively correspond to the spins in the eight types of directions,
i.e., leftward spin, rightward spin, frontward spin, backward
spin, left-backward spin, left-frontward spin, right-backward
spin, and right-frontward spin.

The gesture detection by the smartphone 1 is described
with reference to FIG. 10.

When starting to spin the smartphone 1 frontward, z
increases stepwise. When z exceeds the threshold value s3in,
it is sensed that the smartphone 1 is tilted, exceeding a pre-
determined angle (t1). At this time, F(z) obtains +2 as the
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front-back determination value. F(z) performs the determina-
tion process on the basis of the front-back determination
value +2 to determine “F” indicating the frontward shake
gesture (t1). In synchronization with this timing, tr(z) lowers
the signal from +1 to 0 (t1), and tg(z) raises the signal from 0
to +1 (t1).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y increases stepwise. Wheny
exceeds a threshold value s5, it is sensed that the smartphone
1 is tilted, exceeding the predetermined angle (e.g., tilted 90
degrees frontward from the basic posture in the yz plane
around the x axis) (t2). In synchronization with this timing,
F(y) outputs a value of +1 (t2).

When the smartphone 1 continues to spin, z decreases
stepwise after t2. When z falls below the threshold value
s3out, it is sensed that the smartphone 1 is tilted, exceeding a
predetermined angle, i.e., the smartphone 1 spins frontward
from the basic posture in the yz plane around the x axis,
exceeding 90 degrees, and comes close to a 180-degree pos-
ture. Note that when detecting a spin gesture of the smart-
phone 1, the determination process by F(z) is not performed
while a value of F(y) is +1. Similarly, while the value of F(y)
is +1, the gesture evaluation function G is not performed as
well. This is to avoid a situation where in the case of perform-
ing the determination by F(z) and the gesture evaluation func-
tion G on the basis of a front-back determination value at t3,
“F” indicating the frontward shake gesture may be deter-
mined. In synchronization with this timing, tr(z) raises the
signal from O to +1 (13).

When the smartphone 1 continues to spin, z decreases
stepwise. When z falls below the threshold value s4in, it is
sensed that the smartphone 1 is tilted, exceeding a predeter-
mined angle, i.e., the smartphone 1 spins frontward from the
basic posture in the yz plane around the x axis, exceeding 180
degrees, and comes close to a 270-degree posture (t4). Note
that the value of F(y) at t4 is +1, and therefore the determi-
nation process by F(z) is not performed. In synchronization
with this timing, tr(z) lowers the signal from +1 to O (t4), and
tg(z) lowers the signal from +1 to 0 (t4).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y decreases stepwise. When y
falls below the threshold value s5, it is sensed that the smart-
phone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 270 degrees frontward from
the basic posture in the yz plane around the x axis) (15). In
synchronization with this timing, F(y) outputs a value of 0
(t5).

When the smartphone 1 continues to spin, z increases
stepwise after t5. When z exceeds the threshold value s4out,
it is sensed that the smartphone 1 is tilted, exceeding a pre-
determined angle, i.e., the smartphone 1 spins 270 degrees or
more frontward from the basic posture in the yz plane around
the x axis (t6). Note that the value of F(y) is 0, and therefore
the determination process by F(z) is performed. At this time,
F(z) obtains -3 as the front-back determination value. F(z)
performs the determination process on the basis of the front-
back determination value +2 at t1 and the front-back deter-
mination value -3 at t6 to determine “cf” indicating the front-
ward spin gesture (t6). In synchronization with this timing,
tr(z) raises the signal from 0 to +1 (16).

In order to determine switching of the gesture of the smart-
phone 1 at t6, the evaluation function G determines whether
or not the states of tg(x) and tg(z) are changed (t6). In this
example, the value of tg(x) remains at +1 (3 to t6), whereas
the value of tg(z) changes from +1 (3) to 0 (t6). The evalua-
tion function G adopts “cf”, which is the output value of F(z),
on the basis of the change in state of tg(z). From the above, on
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the basis of adopting “cf”, the evaluation function G deter-
mines “cf” indicating that a gesture of the smartphone 1 is the
frontward spin gesture (16).

When starting to spin the smartphone 1 backward, z
decreases stepwise. When z falls below the threshold value
s4in, it is sensed that the smartphone 1 is tilted, exceeding a
predetermined angle (t7). At this time, F(z) obtains -2 as the
front-back determination value. F(z) performs the determina-
tion process on the basis of the front-back determination
value -2 to determine “B” indicating the backward shake
gesture (t7). In synchronization with this timing, tr(z) lowers
the signal from +1 to 0 (t7), and tg(z) raises the signal from 0
to +1 (t7). When the smartphone 1 is tilted the predetermined
angle or more with respect to the y axis, y increases stepwise.
When y exceeds the threshold value s5, it is sensed that the
smartphone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 90 degrees backward from
the basic posture in the yz plane around the x axis) (t8). In
synchronization with this timing, F(y) outputs a value of +1
(t8).

When the smartphone 1 continues to spin, z increases
stepwise after t8. When z exceeds the threshold value s4out,
it is sensed that the smartphone 1 is tilted, exceeding the
predetermined angle, i.c., the smartphone 1 spins backward
from the basic posture in the yz plane around the x axis,
exceeding 90 degrees, and comes close to the 180-degree
posture. Note that when detecting a spin gesture of the smart-
phone 1, the determination process by F(z) is not performed
while the value of F(y) is +1. Similarly, while the value of F(y)
is +1, the gesture evaluation function G is not performed as
well. This is to avoid a situation where in the case of perform-
ing the determination by F(z) and the gesture determination
process F on the basis of a front-back determination value at
19, “B” indicating the backward shake gesture may be deter-
mined. In synchronization with this timing, tr(z) raises the
signal from O to +1 (19).

When the smartphone 1 continues to spin, z increases
stepwise. When z exceeds the threshold value s3in, it is
sensed that the smartphone 1 is tilted, exceeding a predeter-
mined angle, i.e., the smartphone 1 spins backward from the
basic posture in the yz plane around the x axis, exceeding 180
degrees, and comes close to a 270-degree posture (t10). Note
that the value of F(y) at t10 is +1, and therefore the determi-
nation process by F(z) is not performed. In synchronization
with this timing, tr(z) lowers the signal from +1 to 0 (t10), and
tg(z) lowers the signal from +1 to 0 (t10).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y decreases stepwise. When 'y
falls below the threshold value s5, it is sensed that the smart-
phone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 270 degrees backward from
the basic posture in the yz plane around the x axis) (t11). In
synchronization with this timing, F(y) outputs a value of 0
(t1D).

When the smartphone 1 continues to spin, z decreases
stepwise after t11. When z falls below the threshold value
s3out, it is sensed that the smartphone 1 is tilted, exceeding a
predetermined angle, i.e., the smartphone 1 spins 270 degrees
or more backward from the basic posture in the yz plane
around the x axis (t12). Note that the value of F(y) is 0, and
therefore the determination process by F(z) is performed. At
this time, F(z) obtains +3 as the front-back determination
value. F(z) performs the determination process on the basis of
the front-back determination value -2 at t7 and the front-back
determination value +3 at t12 to determine “cb” indicating the
backward spin gesture (t12). In synchronization with this
timing, tr(z) raises the signal from 0 to +1 (t12).
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In order to determine switching of the gesture of the smart-
phone 1 at t12, the evaluation function G determines whether
or not the states of tg(x) and tg(z) are changed (t12). In this
example, the value of tg(x) remains at +1 (t9 to t12), whereas
the value of tg(z) changes from +1 (t9) to 0 (t12). The evalu-
ation function G adopts “cb”, which is the output value of
F(z), on the basis of the change in state of tg(z). From the
above, on the basis of adopting “cb”, the evaluation function
G determines “cb” indicating that a gesture of the smartphone
1 is the backward spin gesture (t12).

When starting to spin the smartphone 1 rightward, x
increases stepwise. When x exceeds the threshold value slin,
it is sensed that the smartphone 1 is tilted, exceeding a pre-
determined angle (t13). At this time, F(x) obtains +2 as the
left-right determination value. F(x) performs the determina-
tion process on the basis of the left-right determination value
+2 to determine “R” indicating the rightward shake gesture
(t13). In synchronization with this timing, tr(x) lowers the
signal from +1 to 0 (t13), and tg(x) lowers the signal from +1
to 0 (t13).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y increases stepwise. Wheny
exceeds the threshold value s5, it is sensed that the smart-
phone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 90 degrees rightward from
the basic posture in the xy plane around the z axis) (t14). In
synchronization with this timing, F(y) outputs a value of +1
(t14).

When the smartphone 1 continues to spin, x decreases
stepwise after t14. When x falls below the threshold value
slout, it is sensed that the smartphone 1 is tilted, exceeding
the predetermined angle, i.e., the smartphone 1 spins right-
ward from the basic posture in the xy plane around the z axis,
exceeding 90 degrees, and comes close to a 180-degree pos-
ture. Note that when detecting a spin gesture of the smart-
phone 1, the determination process by F(x) is not performed
while the value of F(y) is +1. Similarly, while the value of F(y)
is +1, the gesture evaluation function G is not performed as
well. This is to avoid a situation where in the case of perform-
ing the determination by F(x) and the gesture evaluation
function G on the basis of a left-right determination value at
t13, “R” indicating the rightward shake gesture may be deter-
mined. In synchronization with this timing, tr(x) raises the
signal from O to +1 (19).

When the smartphone 1 continues to spin, x decreases
stepwise. When x falls below the threshold value s2in, it is
sensed that the smartphone 1 is tilted, exceeding a predeter-
mined angle, i.e., the smartphone 1 spins rightward from the
basic posture in the Xy plane around the z axis, exceeding 180
degrees, and comes close to a 270-degree posture (t16). Note
that the value of F(y) at t16 is +1, and therefore the determi-
nation process by F(x) is not performed. In synchronization
with this timing, tr(x) lowers the signal from +1 to 0 (t16), and
tg(x) raises the signal from 0 to +1 (t16).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y decreases stepwise. When y
falls below the threshold value s5, it is sensed that the smart-
phone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 270 degrees rightward from
the basic posture in the xy plane around the z axis) (t17). In
synchronization with this timing, F(y) outputs a value of 0
(t17).

When the smartphone 1 continues to spin, X increases
stepwise after t17. When x exceeds the threshold value stout,
it is sensed that the smartphone 1 is tilted, exceeding a pre-
determined angle, i.e., the smartphone 1 spins 270 degrees or
more rightward from the basic posture in the xy plane around
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the z axis (t18). Note that the value of F(y) is 0, and therefore
the determination process by F(x) is performed. At this time,
F(x) obtains -3 as the left-right determination value. F(x)
performs the determination process on the basis of the left-
right determination value +2 at t13 and the left-right determi-
nation value -3 at t18 to determine “cr” indicating the right-
ward spin gesture (t18). In synchronization with this timing,
tr(x) raises the signal from 0 to +1 (t18).

In order to determine switching of the gesture of the smart-
phone 1 at t18, the evaluation function G determines whether
or not the states of tg(x) and tg(z) are changed (t18). In this
example, the value of tg(x) changes from 0 (t15) to 1 (t18),
whereas the value of tg(z) remains at O (t15 to t18). The
evaluation function G adopts “cr”, which is the output value
of F(x), on the basis of the change in state of tg(x). From the
above, on the basis of adopting “cr”, the evaluation function G
determines “cr” indicating that a gesture of the smartphone 1
is the rightward spin gesture (t18).

When starting to spin the smartphone 1 leftward, x
decreases stepwise. When x falls below the threshold value
s2in, it is sensed that the smartphone 1 is tilted, exceeding a
predetermined angle (t19). At this time, F(x) obtains -2 as the
left-right determination value. F(x) performs the determina-
tion process on the basis of the left-right determination value
-2 to determine “L” indicating the leftward shake gesture
(t19). In synchronization with this timing, tr(x) lowers the
signal from +1 to 0 (t19), and tg(x) lowers the signal from +1
to 0 (t19).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y increases stepwise. When y
exceeds the threshold value s5, it is sensed that the smart-
phone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 90 degrees leftward from the
basic posture in the xy plane around the z axis) (t20). In
synchronization with this timing, F(y) outputs a value of +1
(t20).

When the smartphone 1 continues to spin, X increases
stepwise after t20. When x exceeds the threshold value stout,
it is sensed that the smartphone 1 is tilted, exceeding the
predetermined angle, i.e., the smartphone 1 spins leftward
from the basic posture in the xy plane around the z axis,
exceeding 90 degrees, and comes close to the 180-degree
posture. Note that when detecting a spin gesture of the smart-
phone 1, the determination process by F(x) is not performed
while the value of F(y) is +1. Similarly, while the value of F(y)
is +1, the gesture evaluation function G is not performed as
well. This is to avoid a situation where in the case of perform-
ing the determination by F(x) and the gesture evaluation
function G on the basis of a left-right determination value at
t19, “L” indicating the leftward shake gesture may be deter-
mined. In synchronization with this timing, tr(x) raises the
signal from O to +1 (t21).

When the smartphone 1 continues to spin, X increases
stepwise. When x exceeds the threshold value slin, it is
sensed that the smartphone 1 is tilted, exceeding a predeter-
mined angle, i.e., the smartphone 1 spins leftward from the
basic posture in the Xy plane around the z axis, exceeding 180
degrees, and comes close to a 270-degree posture (t22). Note
that the value of F(y) at 122 is +1, and therefore the determi-
nation process by F(x) is not performed. In synchronization
with this timing, tr(x) lowers the signal from +1 to 0 (t22), and
tg(x) raises the signal from 0 to +1 (122).

When the smartphone 1 is tilted a predetermined angle or
more with respect to the y axis, y decreases stepwise. When 'y
falls below the threshold value s5, it is sensed that the smart-
phone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 270 degrees leftward from
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the basic posture in the xy plane around the z axis) (t23). In
synchronization with this timing, F(y) outputs a value of 0
(t23).

When the smartphone 1 continues to spin, x decreases
stepwise after t23. When x falls below the threshold value
slout, it is sensed that the smartphone 1 is tilted, exceeding a
predetermined angle, i.e., the smartphone 1 spins 270 degrees
ormore leftward from the basic posture in the Xy plane around
the 7 axis (t24). Note that the value of F(y) is 0, and therefore
the determination process by F(x) is performed. At this time,
F(x) obtains +3 as the left-right determination value. F(x)
performs the determination process on the basis of the left-
right determination value -2 at t19 and the left-right determi-
nation value +3 at t24 to determine “cl” indicating the left-
ward spin gesture (t24). In synchronization with this timing,
tr(x) raises the signal from 0 to +1 (t124).

In order to determine switching of the gesture of the smart-
phone 1 at t24, the evaluation function G determines whether
or not the states of tg(x) and tg(z) are changed (t24). In this
example, the value of tg(x) changes from O (121) to +1 (124),
whereas the value of tg(z) remains at 0 (t21 to t24). The
evaluation function G adopts “cl”, which is the output value of
F(x), on the basis of the change in state of tg(x). From the
above, on the basis ofadopting “cl”, the evaluation function G
determines “cl” indicating that a gesture of the smartphone 1
is the leftward spin gesture (124).

Subsequently, the gesture detection by the smartphone 1 is
described with reference to FIG. 11. Note that parts redundant
with those in FIG. 10 are omitted to give the description.

The evaluation function G can further determine the right-
frontward spin gesture with reference to outputs of F(x), F(z),
F(y), tr(x), tr(z), tg(x), and tg(z). That is, in order to determine
switching of the gesture of the smartphone 1 at t30, the
evaluation function G determines whether or not the states of
tg(x) and tg(z) are changed (t30). In this example, the value of
tg(x) changes from 0 (127) to +1 (130), and also the value of
tg(z) changes from +1 (t27) to 0 (t30). The evaluation function
G adopts “cr” and “cf”, which are the output values of F(x)
and F(z), on the basis of the changes in states of tg(x) and
tg(z). From the above, on the basis of adopting “cr” and “cf”,
the evaluation function G determines “crf” indicating that a
gesture of the smartphone 1 is the right-frontward spin ges-
ture (t30).

Similarly, in order to determine switching of the gesture of
the smartphone 1 at t36, the evaluation function G determines
whether or not the states of tg(x) and tg(z) are changed (30).
In this example, the value of tg(x) changes from 0 (t33) to +1
(t36), and also the value of tg(z) changes from +1 (t33) to 0
(t36). The evaluation function G adopts “cl” and “cb”, which
are the output values of F(x) and F(z), on the basis of the
changes in states of tg(x) and tg(z). From the above, on the
basis of adopting “cl” and “cb”, the evaluation function G
determines “clb” indicating that a gesture of the smartphone
1 is the left-backward spin gesture (t36).

Similarly, in order to determine switching of the gesture of
the smartphone 1 at t42, the evaluation function G determines
whether or not the states of tg(x) and tg(z) are changed (t42).
In this example, the value of tg(x) changes from 0 (t39) to +1
(t42), and also the value of tg(z) changes from +1 (t39) to 0
(t42). The evaluation function G adopts “cr” and “cb”, which
are the output values of F(x) and F(z), on the basis of the
changes in states of tg(x) and tg(z). From the above, on the
basis of adopting “cr” and “cb”, the evaluation function G
determines “crb” indicating that a gesture of the smartphone
1 is the right-backward spin gesture (t42).

Similarly, in order to determine switching of the gesture of
the smartphone 1 at t48, the evaluation function G determines
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whether or not the states of tg(x) and tg(z) are changed (t48).
In this example, the value of tg(x) changes from 0 (t45) to +1
(t48), and also the value of tg(z) changes from +1 (t45) to 0
(t48). The evaluation function G adopts “cl” and “cf”, which
are the output values of F(x) and F(z), on the basis of the
changes in states of tg(x) and tg(z). From the above, on the
basis of adopting “cl” and “cf”, the evaluation function G
determines “clf” indicating that a gesture of the smartphone 1
is the left-frontward spin gesture (t48).

As described above, the operations of the processor 100,
motion detecting unit 110, and gesture processing program
122 make it possible to determine not only the gesture modes
of the shake gestures of the smartphone 1 in the predeter-
mined directions but also the gesture modes of the spin ges-
tures.

FIG. 12 is a table illustrating a relationship between a
gesture and determination values. In FIG. 12, for example, in
the case where as the left-right determination value, -2 is
obtained at the time of shaking out, and -3 is obtained at the
time of shaking back, as described with FIGS. 7 and 8, F(x)
outputs “L”. In this case, the evaluation function G deter-
mines “L” as the gesture determination value on condition
that the state of'tg(z) is not changed. This makes it possible to
detect that the behavior of the smartphone 1 is the leftward
shake gesture.

In FIG. 12, for example, in the case where the left-right
determination value, +2 is obtained at the time of shaking out,
and +3 is obtained at the time of shaking back, and as the
front-back determination value, +2 is obtained at the time of
shaking out, and +3 is obtained at the time of shaking back, as
described with FIGS. 7 and 8, F(x) and F(z) respectively
output “R” and “F”. In this case, the evaluation function G
determines “rf” indicating the intermediate direction between
“R” and “F” as the gesture determination value on condition
that the states of tg(x) and tg(z) are changed. This makes it
possible to detect that the behavior of the smartphone 1 is the
right-frontward shake gesture.

In FIG. 12, for example, in the case where the front-back
determination value, 2 is obtained at the time of shaking out,
and -3 is obtained at the time of shaking back, as described
with FIG. 10, F(z) outputs “cf”. in this case, the evaluation
function G determines “cf” as the gesture determination
value. This makes it possible to detect that the behavior of the
smartphone 1 is the frontward spin gesture.

In FIG. 12, for example, in the case where as the left-right
determination value, -2 is obtained at the time of shaking out,
and +3 is obtained at the time of shaking back, and as the
front-back determination value, +2 is obtained at the time of
shaking out, and -3 is obtained at the time of shaking back, as
described with FIG. 10, F(x) and F(z) respectively output “cl”
and “cf”. In this case, the evaluation function G determines
“clf” indicating the intermediate direction between “cl” and
“cf” as the gesture determination value on condition that the
states of tg(x) and tg(z) are changed. This makes it possible to
detect that the behavior of the smartphone 1 is the left-front-
ward spin gesture.

As described, for each of the gestures, a corresponding
unique combination of left-right determination values and
front-back determination values is set. For this reason, in this
embodiment of the present invention, the 16 types of gestures
consisting of the shake gestures and the spin gestures in total
can be detected.

Next, an input process applied with the above-described
gesture detection principle is described with reference to FIG.
13.

FIG. 13 (1) is adisplay example of an ID input form screen
in the gesture detecting device. The ID input form screen is
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displayed on the touch screen display 130 of the smartphone
1, and includes an ID input form 1301, cursor 1302, authen-
tication button 1303, and clear button 1304.

The ID input form screen is displayed, for example, when
the authentication application 123 running on the smartphone
1 prompts a user to input an authentication ID. Also, on the
touch screen display 130, navigators adapted to guide and
indicate a gesture direction of the smartphone 1 are displayed.
The navigators are eight types, i.e., A, B,C,D,E, F, G,H, and
1, which respectively correspond to directions around the
smartphone 1, i.e., leftward, left-backward, backward, right-
backward, rightward, right-frontward, frontward, and left-
frontward.

When the cursor 1302 is present in the ID input form 1301,
a user holds the smartphone 1 in his/her hand and makes the
smartphone 1 detect a predetermined gesture. Then, at timing
when the smartphone 1 outputs a gesture determination value,
the smartphone 1 displays information corresponding to the
given gesture in the ID input form 1301.

Taking FIG. 13 (2) as an example to give description, a user
holds the smartphone 1 in his/her hand to make the smart-
phone successively detect the “right-frontward”, “leftward”,
“backward”, and “rightward” shake gestures. Then, at tim-
ings when the smartphone 1 outputs gesture determination
values, the smartphone 1 displays “F”, “A”, “C”, and “E” in
the ID input form 1301, which are pieces of character infor-
mation corresponding to the respective shake gestures.

After that, when the user presses down the authentication
button 1303 while the pieces of character information “F”,
“A”, “C”, and “E” are being displayed in the ID input form
1301, the authentication application 123 performs an authen-
tication process. Specifically, it is determined whether or not
the pieces of character information displayed in the ID input
form 1301 correspond with pre-registered 1D information,
and when corresponding with the ID information, it is deter-
mined that authentication is approved, whereas when not
corresponding with the ID information, it is determined that
the authentication is not approved. Note that in this example,
a mode of pressing down the authentication button 1303 to
thereby perform authentication determination is described;
however, a mode of automatically performing authentication
when character information corresponding to the pre-regis-
tered ID information is inputted in the ID input form 1301 is
also possible.

The alphabetical arrangement of the pieces of character
information displayed on the touch screen display 130 as the
navigators is only an example, and upon request of the
authentication application 123, any characters, symbols, and/
or the like can be related to the navigators. Also, as will be
described later, a user him/herself can also set pieces of char-
acter information to be displayed as the navigators.

As described above, by selecting input information on the
basis ofa detected gesture, new operability can be provided to
users who use smart devices such as smartphones.

Next, a process performed by the smartphone 1 as the
gesture detecting device is described with reference to flow-
charts in FIGS. 14 to 25.

FIG. 14 is a processing flowchart of the gesture processing
program of the smartphone 1 according to the embodiment of
the present invention.

In FIG. 14, when the program of the smartphone 1 starts,
initial setting in S1 is performed.

In S2, deviation value and the like are obtained from the
acceleration sensor 111 and the like of the motion detecting
unit 110 (S2).

In S3, on the basis of the deviation value and the like
obtained in S2, start position setting (calibration) of the
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smartphone 1 is performed. The start position setting (cali-
bration) (S3) will be described later with FIG. 15.

In S4, dead zone setting is performed. The dead zone
setting (S4) will be described in detail with FIG. 16.

In S5, a gesture evaluation function G thread adapted to
perform the gesture evaluation function G is activated.

In S6, the deviation value and the like are again obtained
from the acceleration sensor 111 and the like of the motion
detecting unit 110.

In 87, a calculation is performed to convert the deviation
value and the like obtained in S6 from the acceleration sensor
111 and the like into tilt angles. Alternatively, in the case of
directly using the deviation value and the like outputted from
the acceleration sensor 111 and the like, the process in S7 may
be skipped.

In S8, on the basis of the tilt angle calculated in S7, tilt/spin
determination is performed.

In S9, the gesture evaluation function G thread is finished.
In the present embodiment, a gesture determination value is
outputted in the process of the gesture evaluation function G
thread in the form such as R, L, F, B, rf, 1b, cr, cf, or crb
illustrated in FIG. 12.

FIG. 15 is a flowchart illustrating a subroutine for the start
position setting (S3) in the overall flowchart of FIG. 14. In
S3-1, atilt angle (left-right direction) of the smartphone is set
to a left-right tilt angle at the start of the application. Simi-
larly, in S3-2, a tilt angle (front-back direction) of the smart-
phone is set to a front-back tilt angle at the start of the appli-
cation. With the above processes, the start position setting
(calibration) is completed.

FIG. 16 is a flowchart illustrating a subroutine for the dead
zone setting (S4) in the overall flowchart of FIG. 14. Note that
the dead zone refers to a zone where the acceleration sensor
111 and the like of the smartphone 1 do not output any
deviation value on the left-right or front-back direction. For
example, given that in FIGS. 4A and 4B, the position of the
smartphone 1 indicated by the chain double-dashed line is
defined as a “reference angle: -30 degrees”, when the smart-
phone is shaken leftward and tilted more than -35 degrees
(30+5), a leftward determination value of -2 is outputted.
Similarly, when the smartphone 1 is shaken back rightward
and tilted —25 degrees (30-5) or less, a rightward determina-
tion value of -3 is outputted. As described, by providing a
difference in angle between shaking out and shaking back,
noise such as chattering can be removed.

In S4-1, reference angles of the smartphone 1, and dead
zones around the reference angles in the xy plane around the
7 axis are set. The reference angles and the dead zones are set
as, for example, “reference angle: -30 degrees, dead zone:
-25 degrees (shaking back) to -35 degrees (shaking out)” and
“reference angle: +30 degrees, dead zone: +25 degrees (shak-
ing back) to +35 degrees (shaking out)”. Then, in S4-2, coor-
dinate values corresponding to the upper limit angles and
lower limit angles of'the dead zones are calculated, and set as
the threshold values s1in, slout, s2in, and s2out. In this case,
slin, slout, s2in, and s2out respectively correspond to “+35
degrees”, “+25 degrees”, “-35 degrees”, and “-25 degrees”.

In S4-3, reference angles of the smartphone 1, and dead
zones around the reference angles in the yz plane around the
x axis are set. The reference angles and the dead zones are set
as, for example, “reference angle: -30 degrees, dead zone:
-25 degrees (shaking back) to -35 degrees (shaking out)” and
“reference angle: +30 degrees, dead zone: +25 degrees (shak-
ing back) to +35 degrees (shaking out)”. Then, in S4-4, coor-
dinate values corresponding to the upper limit angles and
lower limit angles of'the dead zones are calculated, and set as
the threshold values s3in, s3out, s4in, and s4out. In this case,
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s3in, s3out, s4in, and sdout respectively correspond to “+35
degrees”, “+25 degrees”, “-35 degrees”, and “-25 degrees”.

FIG. 17 is a flowchart illustrating a subroutine for the
conversion from the deviation value and the like into the tilt
angles (S7) in the overall flowchart of FIG. 14. In S7-1, from
deviation value on the x and y axes outputted from the accel-
eration sensor 111, a tilt angle (left-right direction) of the
smartphone is calculated. Similarly, in S7-2, from deviation
value on the y and z axes outputted from the acceleration
sensor 111 of the motion detecting unit 110, a tilt angle
(front-back direction) of the smartphone is calculated. From
the above processes, the tilt angles of the smartphone in the
left-right and front-back directions are calculated.

FIG. 18 is a flowchart illustrating a subroutine for the
tilt/spin determination (S8) in the overall flowchart of FIG.
14. In S8-1, a process to save pieces of information on the
respective signals and pieces of information on the determi-
nation values in corresponding areas of the data storage unit
124 of the smartphone 1 is performed. Specifically, a process
to save tr(x), tr(z), tg(x), tg(z), a left-right determination
value, and a front-back determination value in tr(x)', tr(z)',
tg(x)', tg(z)', a left-right determination value', and a front-
back determination value', respectively, is performed.

In S8-2, it is determined whether or not to meet any of the
dead zones set in S4. Here, it is determined whether or not
shaking out and shaking in of the smartphone 1 in the left-
right direction respectively meet tilt angles set within any of
the dead zones. When itis determined yes in S8-2 (S8-2: Yes),
the processing flow proceeds to a left-right determination
process (S300). When it is determined no (S8-2: No), an
increase or decrease in tilt angle of the smartphone in the
left-right direction is determined (S8-3). When the tilt angle
of the smartphone decreases, (S8-3: decrease), the tilt angle
(e.g., leftward shaking out) of the smartphone is detected, and
the processing flow proceeds to S100. Leftward determina-
tion (S100) is a process that in the case where a gesture of
tilting the smartphone leftward a predetermined angle or
more is detected, outputs a left-right determination value. On
the other hand, when the tilt angle of the smartphone
increases (S8-3: increase), the tilt angle (e.g., rightward shak-
ing out) of the smartphone is detected, and the processing
flow proceeds to S200. Rightward determination (S200) is a
process that in the case where a gesture of tilting the smart-
phone rightward a predetermined angle or more is detected,
outputs a left-right determination value. After that, in S300,
left-right determination is performed. The left-right determi-
nation (S300) is a process that determines a gesture in the x
direction on the basis of the left-right determination values of
the smartphone illustrated in FI1G. 12.

In S8-4, it is determined whether or not to meet any of the
dead zones set in S4. Here, it is determined whether or not
shaking out and shaking in of the smartphone 1 in the front-
back direction respectively meet tilt angles set within any of
the dead zones. When itis determined yes in S8-4 (S8-4: Yes),
the processing flow proceeds to a front-back determination
process (S600). When it is determined no (S8-4: No), an
increase or decrease in tilt angle of the smartphone in the
front-back direction is determined (S8-5). When the tilt angle
of the smartphone increases, (S8-5: increase), the tilt angle
(e.g., frontward shaking out) of the smartphone is detected,
and the processing flow proceeds to S400. Frontward deter-
mination (S400) is a process that in the case where a gesture
of'tilting the smartphone frontward a predetermined angle or
more is detected, outputs a front-back determination value.
On the other hand, when the tilt angle of the smartphone
decreases (S8-5: decrease), the tilt angle (e.g., backward
shaking out) of the smartphone is detected, and the processing
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flow proceeds to S500. Backward determination (S500) is a
process that in the case where a gesture of tilting the smart-
phone backward a predetermined angle or more is detected,
outputs a front-back determination value. After that, in S600,
front-back determination is performed. The front-back deter-
mination (S600) is a process that determines a gesture in the
z direction on the basis of the left-right determination values
of the smartphone illustrated in FIG. 12.

FIG. 19 is a flowchart illustrating a subroutine for the
leftward determination (S100) in the tilt/spin flowchart of
FIG. 18. In S101, it is determined whether or not tr(x) is +1.
When tr(x) is +1 (S101: Yes), it is determined whether or not
coordinate information x on the x axis falls below the thresh-
old value s2in (S102). That is, in S102, it is determined
whether or not the smartphone 1 is shaken lefiward a prede-
termined angle in the xy plane around the z axis. When it is
determined that x falls below the threshold value s2in (S102:
Yes), a process to set the value of tr(x) to “0” and the left-right
determination value to “-2” is performed, and further a pro-
cess to switch the value (0 or 1) of tg(x) is performed (S103).

On the other hand, when tr(x) is not +1 (S101: No), it is
determined whether or not the coordinate information x on
the x axis falls below the threshold value slout (S105). That
is, in S105, it is determined whether or not the smartphone 1
is shaken back leftward a predetermined angle in the Xy plane
around the z axis. When it is determined that x falls below the
threshold value slout (S105: Yes), the processing flow pro-
ceeds to S106. In S106, it is determined whether or not F(y) is
+1. That is, in S106, it is determined whether or not the
smartphone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 90 degrees rightward from
the basic posture in the Xy plane around the z axis). When F(y)
is not +1 (8106: No), a process to set the value of tr(x) to “+1”
and the left-right determination value to “+3” is performed
(S107).

On the other hand, when it is determined that x exceeds the
threshold value s2in (S102: No), when it is determined that x
exceeds the threshold value s1out (S105: No), or when F(y) is
+1 (S106: Yes), the processing flow proceeds to S104. In
S104, the value of tr(x) is not switched, and the left-right
determination value is not set as well. After the process in
S103, S104, or S107 has been finished, the leftward determi-
nation (S100) is ended.

FIG. 20 is a flowchart illustrating a subroutine for the
rightward determination (S200) in the tilt/spin flowchart of
FIG. 18. In S201, it is determined whether or not tr(x) is +1.
When tr(x) is +1 (S201: Yes), it is determined whether or not
coordinate information x on the x axis exceeds the threshold
value slin (S202). That is, in S202, it is determined whether
or not the smartphone 1 is shaken rightward a predetermined
angle in the xy plane around the 7 axis. When it is determined
that x exceeds the threshold value s1in (S202: Yes), a process
to set the value of tr(x) to “0” and the left-right determination
valueto “+2” is performed, and further a process to switch the
value (0 or 1) of tg(x) is performed (S203).

On the other hand, when tr(x) is not +1 (S201: No), it is
determined whether or not the coordinate information x on
the x axis exceeds the threshold value s2out (S205). That is, in
S205, it is determined whether or not the smartphone 1 is
shaken back rightward a predetermined angle in the xy plane
around the z axis. When it is determined that x exceeds the
threshold value s2out (S205: Yes), the processing flow pro-
ceeds to S206. In S206, it is determined whether or not F(y) is
+1. That is, in S206, it is determined whether or not the
smartphone is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 90 degrees leftward from the
basic posture in the Xy plane around the z axis). When F(y) is
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not +1, (S206: No), a process to set the value of tr(x) to “+1”
and the left-right determination value to “-3” is performed
(S207).

On the other hand, when it is determined that x falls below
the threshold value slin (S202: No), when it is determined
that x falls below the threshold value stout (S205: No), or
when F(y)=+1 (S206: Yes), the processing flow proceeds to
S204. In S204, the value of tr(x) is not switched, and the
left-right determination value is not set as well. After the
process in S203, S204, or S207 has been finished, the right-
ward determination (S200) is ended.

FIG. 21 is a flowchart illustrating a subroutine for the
left-right determination (S300) in the tilt/spin flowchart of
FIG. 18. In S301, it is determined whether or not tr(x) is +1.
When it is determined that tr(x) is +1 (S301: Yes), the left-
right determination value' and the left-right determination
value are specified (S302, S304, S306, S308). In S302, when
the left-right determination value' is “-2” and the left-right
determination value is “~3”, the output of F(x) is “L” (S303).
In S304, when the left-right determination value' is “+2” and
the left-right determination value is “+3”, the output of F(x) is
“R” (S305). In S306, when the left-right determination value'
is “=2” and the left-right determination value is “+3”, the
output of F(x) is “cl” (S307). In S308, when the left-right
determination value' is “+2” and the left-right determination
value is “=3”, the output of F(x) is “cr” (S309).

On the other hand, in S301, when it is determined that tr(x)
isnot +1 (S301: No), the processing flow proceeds to S310. In
S310, it is determined whether or not tr(x) is 0. When it is
determined that tr(x) is 0 (S310: Yes), the left-right determi-
nation value is specified (S311, S313). In S311, when the
left-right determination value is “-2”, the output of F(x) is
“L” (S312). In S313, when the left-right determination value
is “42”, the output of F(x) is “R” (S314). On the other hand,
in S310, when it is determined that tr(x) is not 0 (8310: No),
in the same manner as that after the end of the F(x) process
(8303, S305, S307, S309, S312, S314), the left-right deter-
mination (S300) is ended.

FIG. 22 is a flowchart illustrating a subroutine for the
frontward determination (S400) in the tilt/spin flowchart of
FIG. 18. In S401, it is determined whether or not tr(z) is +1.
When tr(z) is +1 (S401: Yes), it is determined whether or not
coordinate information z on the z axis exceeds the threshold
value s3in (S402). That is, in S402, it is determined whether
or not the smartphone 1 is shaken frontward a predetermined
angle in the yz plane around the x axis. When it is determined
that z exceeds the threshold value s3in (S402: Yes), a process
to set the value of tr(z) to “0”, and the front-back determina-
tion value to “+2” is performed, and further a process to
switch the value (0 or 1) of tg(z) is performed (S403).

On the other hand, when tr(z) is not +1 (S401: No), it is
determined whether or not the coordinate information z on
the z axis exceeds the threshold value s4out (S405). That is, in
S405, it is determined whether or not the smartphone 1 is
shaken back frontward a predetermined angle in the yz plane
around the x axis. When it is determined that z exceeds the
threshold value sdout (S405: Yes), the processing flow pro-
ceeds to S406. In S406, it is determined whether or not F(y) is
+1. That is, in S406, it is determined whether or not the
smartphone 1 is tilted with respect to the y axis, exceeding the
predetermined angle (e.g., tilted 90 degrees backward from
the basic posture in the yz plane around the x axis). When F(y)
is not +1 (S406: No), a process to set the value of tr(z) to “+1”
and the front-back determination value to “-3” is performed
(S407).

On the other hand, when it is determined that z falls below
the threshold value s3in (S402: No), when it is determined
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that z falls below the threshold value s4out (S405: No), or
when F(y) is +1 (S406: Yes), the processing flow proceeds to
S404. In S404, the value of tr(z) is not switched, and the
front-back determination value is not set as well. After the
process in S403, S404, or S407 has been finished, the front-
ward determination (S400) is ended.

FIG. 23 is a flowchart illustrating a subroutine for the
backward determination (S500) in the tilt/spin flowchart of
FIG. 18. In S501, it is determined whether or not tr(z) is +1.
When tr(z) is +1 (S501: Yes), it is determined whether or not
coordinate information z on the z axis falls below the thresh-
old value sdin (S502). That is, in S502, it is determined
whether or not the smartphone 1 is shaken backward a pre-
determined angle in the yz plane around the x axis. When it is
determined that 7 falls below the threshold value s4in (S502:
Yes), a process to set the value of tr(z) to “0”, and the front-
back determination value to “-2” is performed, and further a
process to switch the value (0 or 1) of tg(z) is performed
(8503). On the other hand, when tr(z) is not +1 (8501: No), it
is determined whether or not the coordinate information z on
the z axis falls below the threshold value s3out (S505). That
is, in S505, it is determined whether or not the smartphone 1
is shaken back backward a predetermined angle in the yz
plane around the x axis. When it is determined that z falls
below the threshold value s3out (S505: Yes), the processing
flow proceeds to S506. In S506, it is determined whether or
notF(y)is +1. That is, in S506, it is determined whether or not
the smartphone 1 is tilted with respect to the y axis, exceeding
the predetermined angle (e.g., tilted 90 degrees frontward
from the basic posture in the yz plane around the x axis).
When F(y) is not +1, (S506: No), a process to set the value of
tr(z) to “+1” and the front-back determination valueto “+3” is
performed (S507).

On the other hand, when it is determined that z exceeds the
threshold value s4in (S502: No), when it is determined that z
exceeds the threshold value s3out (S505: No), or when
F(y)=+1 (S506: Yes), the processing flow proceeds to S504.
In S504, the value of tr(z) is not switched, and the front-back
determination value is not set as well. After the process in
S503, S504, or S507 has been finished, the backward deter-
mination (S500) is ended.

FIG. 24 is a flowchart illustrating a subroutine for the
front-back determination (S600) in the tilt/spin flowchart of
FIG. 18. In S601, it is determined whether or not tr(z) is +1.
When it is determined that tr(z) is +1 (S601: Yes), the front-
back determination value' and the front-back determination
value are specified (5602, S604, S606, S608). In S602, when
the front-back determination value' is “~2” and the front-back
determination value is “~3”, the output of F(z) is “B” (5603).
In S604, when the front-back determination value'is “+2” and
the front-back determination value is “+3”, the output of F(z)
is “F” (8605). In S606, when the front-back determination
value' is “~2” and the front-back determination value is “+3”,
the output of F(z) is “cb” (8607). In S608, when the front-
back determination value' is “+2” and the front-back deter-
mination value is “~3”, the output of F(z) is “ct” (S609).

On the other hand, in S601, when it is determined that tr(z)
isnot+1 (S601: No), the processing flow proceeds to S610. In
S610, it is determined whether or not tr(z) is 0. When it is
determined that tr(z) is 0 (S610: Yes), the front-back determi-
nation value is specified (S611, S613). In S611, when the
front-back determination value is “~2”, the output of F(z) is
“B” (S612). In S613, when the front-back determination
value is “+2”, the output of F(z) is “F” (S614). On the other
hand, in S610, when it is determined that tr(z) is not 0 (S610:
No), in the same manner as that after the end of the F(z)
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process (S603, S605, S607, S609, S612, S614), the front-
back determination (S600) is ended.

FIG. 25 is a flowchart illustrating a process by the gesture
evaluation function G thread in the overall flowchart of FIG.
14. In S5-1, it is determined whether or not tr(x) is +1, and
tr(x)' is not equal to tr(x), i.e., tr(X) is changed. When it is
determined that tr(x) is +1 and tr(x) is changed (S5-1: Yes),
the processing flow proceeds to S5-3. On the other hand, in
S5-1, when it is determined no (S5-1: No), it is determined
whether or not tr(z) is +1, and tr(z)' is not equal to tr(z), i.e.,
tr(z) is changed (S5-2). When it is determined that tr(z) is +1
and tr(z) is changed (S5-2: Yes), the processing flow proceeds
to S5-3. On the other hand, in S5-2, when it is determined no
(S5-2: No), the processing flow returns to the process in S5-1
again.

Then, in S5-3, it is determined whether or not tg(x)' is not
equal to tg(x), i.e., tg(x) is changed. When it is determined
tg(x)' is different from tg(x) (S5-3: Yes), it is further deter-
mined whether or not tg(z)' and tg(z) are changed (S5-4).
When it is determined that tg(z)' is different from tg(z) (S5-4:
Yes), the outputs of F(x) and F(z) are adopted to output any of
rf, rb, If, 1b, crf, crb, clf, and clb (S5-5). On the other hand, in
S5-4, when it is determined that tg(z)' is equal to tg(z) (S5-4:
No), the output of F(x) is adopted to output any of L, R, cl, and
cr (S5-6).

Also, in S5-3, when it is determined that tg(x)' is equal to
tg(x) (85-3: No), it is further determined whether or not tg(z)'
and tg(z) are changed (S5-7). When it is determined that tg(z)'
is different from tg(z) (S5-7: Yes), the output of F(z) is
adopted to output any of F, B, cf, and cb (S5-8). On the other
hand, in S5-7, when it is determined no (S5-7: No), the
processing flow returns to the process in S5-1 again. As
described above, in the gesture evaluation function G thread,
a process to output a gesture determination value is per-
formed. When the smartphone 1 detects a gesture mode such
as the “rightward shake gesture”, the smartphone 1 detects the
gesture mode by performing a process to refer to the table
illustrated in FIG. 12. That is, in the case where “R” is out-
putted as a gesture determination value, by referring to the
table illustrated in FIG. 12, the “rightward shake gesture” as
a gesture mode can be detected. In S5-5, 5-6, or 5-8, when the
gesture determination value is outputted, the gesture evalua-
tion function G thread is ended.

As has been described above, the smartphone in the present
embodiment can detect a gesture in space by a user to perform
aninput process or the like on the basis of the detected gesture
in space.

Second Embodiment

In a second embodiment, a gesture detecting device is
described which is characterized by storing gesture determi-
nation values in a data storage unit 124, and recognizing the
stored gesture determination values as a time series combi-
nation. As an example of application of the gesture detecting
device in the present embodiment, an authentication process
is described.

FIG. 26 is a processing flowchart of a gesture processing
program 122 and authentication application 123 of a smart-
phone 1 inthe second embodiment of the present invention. In
the following, the description is given with reference to FIG.
26; however, parts redundant with those in FIG. 14 are omit-
ted to give the description, and it is assumed that in each
subroutine to be referred to, the same process as that in the
first embodiment is performed.

In SAS5, the gesture evaluation function G thread is acti-
vated, and then deviation value and the like are obtained from
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the acceleration sensor and the like (SA6) to perform the
process to convert the deviation value and the like to the tilt
angles (SA7). Then, after the end of the tile/spin determina-
tion (SA8) process, the processor 100 of the smartphone 1
stores an output from the gesture evaluation function G thread
in the data storage unit 124 (SA9).

In SA10, a process to determine whether or not to perform
the authentication process is performed (SA10). The process
to determine whether or not to perform the authentication
process may be performed by pressing down a below-de-
scribed authentication button 2701 in FIG. 27, or may be
automatically performed when the number of gesture deter-
mination values reaches a predetermined number.

In SA10, when it is determined that the authentication
process is performed (SA10: Yes), the processor of the smart-
phone 1 finishes the gesture evaluation function G thread
(SA11), and performs the authentication process (SA12). On
the other hand, in SA10, when it is determined that the
authentication process is not performed (SA10: No), the pro-
cessing flow returns to the process in SA6 again.

In SA13, when the authentication process is successful
(SA13: yes), the authentication application in the present
embodiment is ended. On the other hand, in SA13, when the
authentication process is unsuccessful (SA13: No), the pro-
cessing flow returns to the process in SA2 again.

In the process by the gesture processing program 122 in the
second embodiment, gesture determination values are stored
in the data storage unit 124, and the stored gesture determi-
nation values are recognized as a time series combination. For
this reason, gesture determination values are stored in time
series, and a combination of the stored output values can be
used for the authentication process.

FIG. 27 is a diagram illustrating an example of screen
transition during the authentication process in the second
embodiment of the present invention. When the gesture pro-
cessing program 122 and authentication application 123 are
started, the authentication button 2701 and re-input button
2702 are displayed in substantially the center of the touch
screen display 130. At the same time, A, B, C, D, E, F, G, and
Hrespectively corresponding to the eight shake gesture direc-
tions of the smartphone 1 (leftward, left-backward, back-
ward, right-backward, rightward, right-frontward, frontward,
and left-frontward) are displayed as navigators. Displaying
the eight directions makes it possible for a user to recognize
which direction a gesture is made in and thereby which value
is outputted.

In the case where a user holds the smartphone 1 in his/her
hand to make the smartphone 1 detect a series of gestures in
predetermined directions while an authentication process
screen in FIG. 27 (1) is being displayed, the processor 100 of
the smartphone 1 performs a process to store gesture deter-
mination values in the data storage unit 124.

For example, in the case where the user holds the smart-
phone 1 in his/her hand to make the smartphone 1 detect a
series of “leftward”, “left-backward”, ‘“backward”, “left-
ward”, “backward, “leftward”, and “backward” shake ges-
tures, the processor 100 performs the process to store the
gesture determination values “L”, “Ib”, “B”, “L”, “B”, “L.”,
and “B” in the data storage unit 124.

FIG. 27 (2) is a diagram illustrating an example of screen
display of an authentication result. In the case where as a
result of the above-described gesture determination values,
the output values stored in the data storage unit 124 corre-
spond with pre-registered ID information on the user, for
example, a screen indicating, for example, “authentication
successful” or the like is displayed. On the other hand, in the
case where as a result of the above-described output of the
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gesture evaluation function G, the gesture determination val-
ues stored in the data storage unit 124 do not correspond with
the pre-registered ID information on the user, a screen indi-
cating, for example, “authentication unsuccessful” or the like
is displayed.

As described above, the smartphone in the present embodi-
ment detects gestures in space by a user, and stores values
determined on the basis of the detected gestures in space in
the data storage unit 124. In addition, the smartphone can
recognize the stored gesture determination values as a time
series combination, and therefore perform a gesture-based
authentication process or the like.

Third Embodiment

A third embodiment is a variation of the first and second
embodiments, and in the following, a gesture detecting device
is described that has a function of, at timing when a user
makes the smartphone 1 detect a gesture, providing musical
scale information or image information to support an input
process.

FIG. 28 is a diagram illustrating a display example of an
output setting screen in this embodiment of the present inven-
tion. Output setting 2800 is displayed on the touch screen
display 130. In the output setting 2800, respective items of a
gesture, gesture determination value, sound output, and
image output are displayed in a table format. As the gesture
item, the gesture modes such as the “rightward shake ges-
ture”, “leftward shake gesture”, “frontward shake gesture”,
and “backward shake gesture” are displayed. As the gesture
determination value item, gesture determination values cor-
responding to the gesture modes, such as “R”, “L”, “F”, “B”
are respectively displayed.

In the vicinity of the display of the sound output, a check-
box 2801 is displayed. By selecting the checkbox 2801, a user
can select the sound output that gives sound-based output at
timing when the smartphone 1 outputs a gesture determina-
tion value.

In a column where sound outputs are displayed, a drop-
down box 2802 is displayed in a position corresponding to
each of the gesture determination values. For example, by
selecting any of the sound outputs displayed in the drop-down
boxes 2802, the user can perform setting to relate the prede-
termined sound output to a corresponding one of the gesture
determination values. FIG. 28 exemplifies setting to relate the
sound output “do” (“C”) to the gesture determination value
“R”. In the present embodiment, the drop-down boxes 2802
are arranged corresponding to the respective gesture determi-
nation values.

In the vicinity of the display of the image output, a check-
box 2803 is displayed. By selecting the checkbox 2803, a user
can select the image output that gives image-based output at
timing when the smartphone 1 outputs a gesture determina-
tion value.

In a column where image outputs are displayed, a drop-
down box 2804 is displayed in a position corresponding to
each of the gesture determination values. For example, by
selecting any of the image outputs displayed in the drop-down
boxes 2802, a user can perform setting to relate the predeter-
mined image output to a corresponding one of the gesture
determination values. FIG. 28 exemplifies setting to relate the
image output “A” to the gesture determination value “R”. In
the present embodiment, the drop-down boxes 2804 are
arranged corresponding to the respective gesture determina-
tion values.

FIG. 29 is a diagram illustrating a correspondence table
2900 between a gesture determination value and outputs. As
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with FIG. 12, the gesture determination values “R”, “L”, “F”,
“B”, “rf”, “rb”, “1f”, “1b”, “cr”, “cl”, “cf”, “cb”, “crf, “clf”,
“crb”, and “crb” are stored respectively corresponding to the
“rightward shake gesture”, “leftward shake gesture”, “front-
ward shake gesture”, “backward shake gesture”, “right-front-
ward shake gesture”, “right-backward shake gesture”, “left-
frontward shake gesture”, “left-backward shake gesture”,
“right spin gesture”, “left spin gesture”, “frontward spin ges-
ture”, “backward spin gesture”, “right-frontward spin ges-
ture”, “left-frontward spin gesture”, “right-backward spin
gesture”, and “left-backward spin gesture” that are the ges-
ture modes in the present embodiment.

In the correspondence table 2900 between a gesture deter-
mination values and outputs, values of sound outputs set
through the drop-down boxes 2802 in FIG. 28 are further
stored. The sound outputs “do” (“C”), “re” (“D”), “mi” (“E”),
“fa” (“F”), “sol” (“G”) “la” (“A”) “si” (“B”), “do+1” (“C+17),
“sound effect 17, “sound effect 27, “sound effect 37, “sound
effect 47, “sound effect 57, “sound effect 67, “sound effect 77,
and “sound effect 8 are stored respectively corresponding to
the gesture determination values “R”, “L”, “F”, “B”, “rf”,
“rb”, “If”, “Ib”, “cr”, “c1”, “cf”, “cb”, “crf”, “crb, “clf”, and
“clb”. Note that a sound effect may be a below-described
1-octave higher sound output.

Given that the sound output “do” (“C”) corresponding to
the gesture determination value “R” is a reference sound,
“do+1” (“C+17) refers to a 1-octave higher sound output “do”
(“C”). Also, the “sound effect 17, “sound effect 2, “sound
effect 37, “sound effect 47, “sound effect 57, “sound effect 67,
“sound effect 7, and “sound effect 8" are arbitrarily set sound
outputs, and as the sound effects, pieces of sound data stored
in the smartphone 1 may be used, or pieces of sound data set
by a user may be used.

As described above, according to the settings of the corre-
spondence table between a gesture determination value and
outputs, the pieces of musical scale information “do” (“C”),
“re” (“D”), “mi” (“E”), “fa” (“F”), “sol” (“G”), “la” (“A™),
“s1” (“B”), and “do+1” (“C+1”) are set, corresponding to the
respective shake gestures. In addition, at timing when the
smartphone 1 outputs a gesture determination value, i.e., at
timing when the smartphone 1 detects predetermined shake
gesture behavior, a sound output related in the correspon-
dence table 2700 between a gesture determination value and
outputs is actually outputted through the speakers 150 of the
smartphone 1.

In the correspondence table 2900 between a gesture deter-
mination value and outputs, values of the image outputs set
through the drop-down boxes 2804 in FIG. 28 are further
stored. The image outputs “A”, “B”, “C”, “D”, “E”, “F”, “G”,
“H”, <17, <J”, “K”, “L”, “M”, “N”, “O”, and “P” are stored
respectively corresponding to the gesture determination val-
ues “R”, “L”, “F~, “B”, “rf”, “rb”, “If”, “Ib”, “cr”, “cl”, “cf”,
“cb”, “crf”, “crb”, “clf”, and “clb”.

As described above, according to the settings of the corre-
spondence table 2900 between a gesture determination value
and outputs, the pieces of image information indicating the
alphabets “A”, “B”, “C”, “D”, “E”, “F”, “G”, “H”, “1”, “I”,
“K”, <L, “M”, “N”, “0O”, and “P” are set corresponding to the
respective gestures. In addition, at timing when the smart-
phone 1 outputs a gesture determination value, an image
output related in the correspondence table 2900 between a
gesture determination value and outputs is actually outputted
through the touch screen display 130 of the smartphone 1.

FIG. 30 is a diagram illustrating an example of sound and
image outputs in this embodiment of the present invention.
The sound or image output illustrated in FIG. 30 is outputted
through the touch screen display 130 or speakers 150 of the

10

20

25

30

40

45

55

60

65

32

smartphone 1 at the time of, for example, ID input for the
authentication illustrated in FIG. 12 or 27. By selecting the
checkbox 2801 in the output setting 2800 in FIG. 28, (1) a
sound navigator screen illustrated in FIG. 30 is displayed.
That is, when activating the gesture processing program 122
and authentication application 123, the processor 100 of the
smartphone 1 refers to the correspondence table 2900
between a gesture determination value and outputs to display
(1) the sound navigator screen on the touch screen display
130.

As illustrated in the sound navigator screen display
example of FIG. 30 (1), when starting authentication, an
authentication button 3001, and a re-input button 3002 are
displayed in substantially the center of the touch screen dis-
play 130. At the same time, “do” (“C”), “re” (“D”), “mi”
(“E™), “fa” (“F”), “sol” (“G™), “la” (“A™), “si” (“B”), and
“do+1” (“C+1”) are displayed in the eight shake gesture
directions (leftward, left-backward, backward, right-back-
ward, rightward, right-frontward, frontward, and left-front-
ward) of the smartphone 1 as navigators corresponding to the
respective directions. Displaying the eight navigators makes
it possible for a user to recognize which direction a shake
gesture is made in and thereby which sound output is given.

For example, in the case where a user holds the smartphone
1 in his/her hand to make the smartphone 1 detect the leftward
shake gesture while the sound navigator screen display
example in FIG. 28 (1) is being displayed, the smartphone 1
gives a sound output 3003 illustrated in a sound output
example in FIG. 30 (2). That is, in synchronization with
timing when the smartphone 1 detects the leftward shake
gesture, the sound “do” (“C”) is outputted through the speak-
ers 150 of the smartphone 1 as the sound output 3003. Note
that the sound output example in FIG. 30 (2) exemplifies a
mode of outputting an image “do” (“C”) on the touch screen
display 130 in synchronization with the sound output 3003;
however, only the sound output 3003 may be outputted.

On the other hand, by selecting the checkbox 2803 in the
output setting 2800 in FIG. 28, (3) an image navigator screen
illustrated in FIG. 30 is displayed. That is, when activating the
gesture processing program 122 and authentication applica-
tion 123, the processor 100 of the smartphone 1 refers to the
correspondence table 2900 between a gesture determination
value and outputs to display (3) the image navigator screen on
the touch screen display 130.

As illustrated in the image navigator screen display
example in FIG. 30 (3), when starting authentication, the
authentication button 3001 and re-input button 3002 are dis-
played in substantially the center of the touch screen display
130. Atthe sametime, “A”, “B”, “C”, “D”, “E”, “F”, “G”, and
“H” are displayed in the eight shake gesture directions (left-
ward, left-backward, backward, right-backward, rightward,
right-frontward, frontward, and left-frontward) of the smart-
phone 1 as navigators corresponding to the respective direc-
tions. Displaying the eight navigators makes it possible for a
user to recognize which direction a shake gesture is made in
and thereby which image output is given.

For example, in the case where a user holds the smartphone
1 in his/her hand to make the smartphone 1 detect the right-
frontward shake gesture while the image navigator screen
display example in FIG. 30 (3) is being displayed, the smart-
phone 1 gives an image output 3004 illustrated in an image
output example in FIG. 30 (4). That is, in synchronization
with timing when the smartphone 1 detects the right-front-
ward shake gesture, an alphabetical character image “F” is
displayed on the touch screen display 130 of the smartphone
1 as the image output 3004.
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FIG. 31 is a gesture correspondence table 3100 showing a
correspondence between an input process and a sound output.
In the gesture correspondence table 3100, for each of
sequence numbers 1 to 7, a gesture determination value and
sound output corresponding to a gesture are indicated in
relation to one another. A user makes the smartphone 1 detect
a series of gestures corresponding to the sequence numbers 1
to 7, and thereby gesture determination values can be stored in
the data storage unit 124 as a time series combination.

Referring to the gesture correspondence table 3100, when
detecting the leftward shake gesture corresponding to the
sequence number 1, the smartphone 1 outputs “do” (“C”)
through the speakers 150 as a sound output corresponding to
the gesture determination value “L”. When detecting the left-
backward shake gesture corresponding to the sequence num-
ber 2, the smartphone 1 outputs “re” (“D”) through the speak-
ers 150 as a sound output corresponding to the gesture
determination value “lIb”. When detecting the backward
shake gesture corresponding to the sequence number 3, the
smartphone 1 outputs “mi” (“E”) through the speakers 150 as
a sound output corresponding to the gesture determination
value “B”. When detecting the leftward shake gesture corre-
sponding to the sequence number 4, the smartphone 1 outputs
“do” (“C”) through the speakers 150 as a sound output cor-
responding to the gesture determination value “L”. When
detecting the backward shake gesture corresponding to the
sequence number 5, the smartphone 1 outputs “mi” (“E”)
through the speakers 150 as a sound output corresponding to
the gesture determination value “B”. When detecting the left-
ward shake gesture corresponding to the sequence number 6,
the smartphone 1 outputs “do” (“C”) through the speakers
150 as a sound output corresponding to the gesture determi-
nation value “L”. When detecting the backward shake gesture
corresponding to the sequence number 7, the smartphone 1
outputs “mi” through the speakers 150 as a sound output
corresponding to the gesture determination value “B”.

When a user makes the series of gestures corresponding to
the sequence numbers 1 to 7, the series of sound outputs “do”
(“C”), “re” (*D”), “mi” (“E”), “do” (“C), “mi” (“E”), “do”
(“C”), and “mi” (“E”) is given through the speakers 150. The
user makes the series of gestures at preferred time intervals to
give the sound outputs corresponding to a melody of “Do-Re-
Mi” (“C-D-E”), and thereby the sound outputs can be given as
if a musical performance is given with a musical instrument.

As described, by setting sound outputs corresponding to
gesture modes to give the sound outputs corresponding to the
gesture modes, respectively, for example, a user can memo-
rize ID information for an authentication device, which
includes many pieces of input information, in relation to a
melody.

FIG. 32 is a gesture correspondence table 3200 showing a
correspondence between a series of input processes and
image outputs. In the gesture correspondence table 3200, for
each of sequence numbers 1 to 4, a gesture determination
value and image output corresponding to a gesture are indi-
cated in relation to one another. A user makes the smartphone
1 detect the series of gestures corresponding to the sequence
numbers 1 to 3, and thereby gesture determination values can
be stored in the data storage unit 124 as a time series combi-
nation.

Referring to the gesture correspondence table 3200, when
detecting the right-frontward shake gesture corresponding to
the sequence number 1, the smartphone 1 displays “F”* on the
touch screen display 130 as an image output corresponding to
the gesture determination value “rf”’. When detecting the left-
ward shake gesture corresponding to the sequence number 2,
the smartphone 1 displays “A” on the touch screen display
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130 as an image output corresponding to the gesture determi-
nation value “L”. When detecting the backward shake gesture
corresponding to the sequence number 3, the smartphone 1
displays “C” on the touch screen display 130 as an image
output corresponding to the gesture determination value “B”.
When detecting the rightward shake gesture corresponding to
the sequence number 4, the smartphone 1 displays “E” on the
touch screen display 130 as an image output corresponding to
the gesture determination value “R”.

When a user makes the series of gestures corresponding to
the sequence numbers 1 to 4, the series of image outputs “F”,
“A”, “C”, and “E” is displayed on the touch screen display
130 at timings when the smartphone 1 recognizes the ges-
tures. By making the series of gestures, the user can succes-
sively display “FACE”, which is an English word meaning a
“face”, on the touch screen display 130.

As described, by setting image outputs corresponding to
gesture modes to give the image outputs corresponding to the
gesture modes, respectively, for example, a user can memo-
rize ID information for an authentication device, which
includes many pieces of input information, in relation to
image outputs.

FIG. 33 is a flowchart illustrating a process by the gesture
evaluation function G thread of FIG. 25 in the variation. Note
that description of redundant processes is omitted and only
processes in SA5-3 and subsequent steps necessary for the
process in this variation are described.

In SAS-3, it is determined whether or not tg(x)' is not equal
to tg(x), 1.e., tg(x) is changed. When it is determined that tg(x)'
is different from tg(x) (SA5-3: Yes), it is further determined
that tg(z)' and tg(z) are changed (SA5-4). When it is deter-
mined that tg(z)' is different from tg(z) (SA5-4: Yes), the
outputs of F(x) and F(z) are adopted to output any of rf, rb, If,
Ib, crf, crb, clf, and clb (SA5-5). Subsequently, in SA5-9, a
sound or image corresponding to the outputted one of rf, rb, If,
Ib, crf, crb, clf, and clb is outputted (SAS5-9).

On the other hand, in SA5-4, when it is determined that
tg(z)' is equal to tg(z) (SA5-4: No), the output of F(x) is
adopted to output any of L, R, cl, and cr (SA5-6). Subse-
quently, in SA-10, a sound or image corresponding to the
outputted one of L, R, cl, and cr is outputted (SA5-10).

In addition, in SA5-3, when it is determined that tg(x)' is
equalto tg(x) (SA5-3: No), it is further determined whether or
not tg(z)' and Tg(z) are changed (SA5-7). When it is deter-
mined that tg(z)' is different from tg(z) (SA5-7: Yes), the
output of F(z) is adopted to output any of F, B, cf, and cb
(SA5-8). Subsequently, in SA5-11, a sound or image corre-
sponding to the outputted one of F, B, cf, and cb is outputted
(SA5-11).

On the other hand, in SA5-7, when it is determined no
(SA5-7: No), the processing flow returns to SA5-1 again.
Also, in SA5-9, SA5-10, or SA5-11, when a sound or image
corresponding to a gesture determination value is outputted,
the gesture evaluation function G thread is ended.

As described above, the smartphone in the present embodi-
ment can support an input process by a user by outputting
information such as a sound or image at timing when detect-
ing a gesture. Even in the case where a character string used
foran ID orthe like is a long character string, or a complicated
character string, the user can memorize the character string in
relation to the sound or image, and also in the case of per-
forming an input process on the smartphone as well, easily
perform the input process in relation to the sound or image.

Fourth Embodiment

A fourth embodiment relates to a gesture detecting device
having a function that makes it possible for a user to make a
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smartphone 1 detect gestures to operate various types of
interfaces displayed on a touch screen display 130. In the
following, description is given with reference to drawings.

FIG. 34 is an explanatory diagram illustrating an operation
screen 3401 of the smartphone 1. The operation screen 3401
is displayed on the touch screen display 130 as, for example,
a setting screen for an application running on the smartphone
1. The operation screen 3401 includes an end button 3410,
switch interface 3411, selection button interface 3412, drum
interface 3413, execution button 3414, switch control 3415,
and drum part 3416.

The end button 3410 is used to end the operation screen
3401. By pressing down the end button 3401, the operation
screen 3401 or an application can be ended without updating
setting information on each of the buttons from the switch
interface 3411 to the drum interface 3413.

The switch interface 3411 is an interface that is used by a
user to select an ON/OFF value. Operating the switch control
3415 rightward switches to ON, whereas operating the switch
control 3415 leftward switches to OFF.

The selection button interface 3412 is an interface that is
used by a user to select one from among options. The selec-
tion button interface 3412 preliminarily displays values
selectable by a user, and the user can select one from among
the values. In this example, as the values selectable by a user,
“left”, “middle”, and “right” are displayed.

The drum interface 3413 is an interface that displays mul-
tiple values in order for a user to select one from among the
values. The drum interface 3413 displays the values select-
able by a user in the drum part 3416, and the user can select
one from among the values. In this example, the days of the
week are displayed in the drum part 3416 in the order of
“Mon”, “Tue”, “Wed”, “Thu”, “Fri”, “Sat”, and “Sun”. For
example, in the case of rotating the drum part 3416 downward
while “Wed” is being displayed at the front of the drum
interface 3413, “Tue” will be displayed next at the front of the
drum interface 3416. On the other hand, in the case of rotating
the drum part 3416 upward while “Wed” is being displayed at
the front of the drum interface 3413, “Thu” will be displayed
next at the front of the drum interface 3416. As described, a
user can select one from among the values displayed in the
drum interface 3416.

The execution button 3414 is used to fix a value selected
through each of the buttons and interfaces. By pressing down
the execution button 3414, a next process by an application
can be executed.

On the operation screen 3401 in this example, the respec-
tive buttons and respective interfaces are vertically arranged
in four rows, and in the third row from above, the selection
button interface 3412 and the drum interface 3413 are hori-
zontally arranged in line.

In addition, any one button or interface of the end button
3410, switch interface 3411, selection button interface 3412,
drum interface 3413, and execution button 3413 displayed on
the operation screen 3401 becomes activated.

Note that “activated” defines an activated object in the case
of receiving a gesture-based input operation. In the case
where a button or an interface is activated, the button or the
interface is in a state of being able to receive a gesture-based
input operation. However, in the case where a user directly
performs a touch operation on the touch screen display 130,
all of the buttons and interfaces can receive the touch opera-
tion.

An activated button or interface is displayed in a mode
different from a normal display mode in order to show a user
that the button or interface is activated. Taking the operation
screen 3402 in FIG. 36A as an example to give description,
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the switching interface 3411 is an activated interface that can
receive a gesture-based operation. In this case, the switch
interface 3411 is displayed in a color different from normal,
such as a yellow. On the other hand, in the operation screen
3402, the drum interface 3413 is an interface that cannot
receive a gesture-based operation. In this case, the drum inter-
face 3413 is displayed in a grayout color, a normal display
color. As described above, a user can easily distinguish an
activated button or interface because the activated button or
interface is displayed with a color of the activated button or
interface being switched. Note that a method for displaying
an activated button or interface in a mode different from a
normal display mode is not limited to changing a color. For
example, a possible mode may be one such as a mode of
displaying a light imitating an LED above each of the buttons
and interfaces, and lighting an LED arranged above an acti-
vated button or interface.

Next, a relationship between a gesture detected by the
smartphone 1, and an operation performed by the smartphone
1 is described with reference to FIG. 35.

FIG. 35 is a diagram illustrating an operation definition
table 3500. The operation definition table stores the type of a
gesture detected by the smartphone 1, a gesture determination
value corresponding to the gesture, and an operation to be
performed by the smartphone in relation to one another.

In the operation definition table 3500, a local operation
refers to a selection or switching operation to be performed on
an activated interface.

Specifically, a rightward shake gesture makes it possible to
perform rightward selection or rightward switching on an
activated interface. A leftward shake gesture makes it pos-
sible to perform leftward selection or leftward switching on
an activated interface. A frontward shake gesture makes it
possible to perform downward selection or downward
switching on an activated interface. A backward shake ges-
ture makes it possible to perform upward selection or upward
switching on an activated interface.

On the other hand, in the operation definition table 3500, a
global operation refers to a selection operation for activate a
button or an interface, or an operation of initializing a value
selected through each of the interfaces.

In the present embodiment, in the case where the smart-
phone 1 is subjected to two successive shake gestures at
predetermined time intervals or less (e.g., 0.5 seconds or
less), it is determined that a double shake gesture is detected.
Depending on intervals at which the smartphone 1 detects
shake gestures, the smartphone 1 can detect the gestures as
mutually different gestures. This makes it possible to,
between a local operation and a global operation, make the
smartphone 1 detect a mutually different gesture and perform
a mutually different operation.

Specifically, a rightward double shake gesture makes it
possible to select a button or interface arranged rightward. A
leftward double shake gesture makes it possible to select an
interface arranged leftward. A frontward double shake ges-
ture makes it possible to select a button or interface arranged
downward. A backward double shake gesture makes it pos-
sible to select a button or interface arranged upward.

Successive leftward, rightward, leftward, rightward, left-
ward, and rightward shake gestures make it possible to per-
form an operation of restoring a value selected through each
of the buttons and interfaces to an initial value and deactivat-
ing all selected values. In this case, i.e., in the case where a
user makes the smartphone 1 recognize gestures and obtain L,
R, L, R, L, and R as gesture determination values, respec-
tively, the smartphone 1 determines that the gestures have
been made. As a result, the smartphone 1 restores a value



US 9,261,969 B2

37

selected through each of the interfaces to an initial value, as
well as activating the end button 3410. Then, the smartphone
1 performs the same process as pressing down the end button
3410.

Next, a mode where a user makes the smartphone 1 detect
gestures to operate respective buttons and interfaces is
described with reference to FIGS. 36A and 36B.

FIGS. 36A and 36B are diagram illustrating screen transi-
tion from the operation screens 3401 to 3407 for the respec-
tive buttons and interfaces. The operation screen 3401 is an
initial screen, on which the respective buttons and interfaces
are displayed.

On the operation screen 3401, in order to indicate to a user
that the end button 3410 is activated, the end button 3410 is
displayed in a color different from normal, such as a yellow.

On the operation screen 3401, when the smartphone 1
detects the frontward double shake gesture, the switch inter-
face 3411 arranged below the end button 3410 is selected to
become an activated interface.

On the operation screen 3402, when the smartphone 1
detects the rightward shake gesture, the switch control 3415 is
operated rightward, and the switch interface 3411 is switched
to ON.

On the operation screen 3403, when the smartphone 1
detects the frontward double shake gesture, the drum inter-
face 3413 arranged below the switch interface 3411 is
selected to become an activated interface. In this example, at
this time, “Mon” is displayed at the front of the drum interface
3413.

On the operation screen 3404, when the smartphone 1
detects the frontward shake gesture, a value displayed at the
front of the drum part 3416 is switched from “Mon” to “Tue”.
In addition, at this time, the drum part 3416 behaving so as to
rotate upward is displayed.

On the operation screen 3405, when the smartphone 1
detects the frontward double shake gesture, the execution
button 3414 arranged below the drum interface 3413 is
selected to become an activated interface.

On the operation screen 3406, when the smartphone 1
detects pressing down of the execution button 3414, it is
determined that a process is to be performed with the values
selected through the respective interfaces.

Alternatively, on the operation screen 3406, when the
smartphone 1 detects the successive leftward, rightward, left-
ward, rightward, leftward, and rightward shake gestures, the
values selected through the respective interfaces are initial-
ized (operation screen 3407), and the display is restored to the
same screen as the operation screen 3401, i.e., the initial
screen.

Note that although not described with the screen transition
in FIGS. 36 A and 36B, when the selection interface 3412 is an
activated interface as well, a switching operation can be per-
formed by the smartphone 1 detecting a shake gesture in the
left-right direction. That is, when the smartphone 1 detects the
leftward shake gesture in the state where the selection inter-
face 3412 is activated, switching can be performed so as to
select a value displayed leftward, such as “left” with respect
to “middle”.

Further, in this example, the end button 3410 and the execu-
tion button 3414 are not related to any gesture for performing
a local operation; however, the end button 3410 and the
execution button 3414 may be respectively related to, for
example, spin gestures described in the preceding embodi-
ments. In such a case, a process to press down the execution
button 3414 may be performed by making the smartphone 1
detect a spin gesture in a predetermined direction while the
execution button 3414 is activated.
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As described above, the gesture detecting device in the
fourth embodiment has a function capable of operating the
various types of interfaces displayed on the touch screen
display 130 in such a way that a user makes the smartphone 1
detect gestures.

For this reason, in the case where the smartphone 1 cannot
be made to recognize a touch operation due to wearing gloves
or the like, an operation on the touch screen display can be
replaced by making the smartphone 1 detect a predetermined
gesture. This is not only effective when a general user oper-
ates a smartphone outdoors in winter, but produce an effect
under environment where gloves must be worn, such as in a
factory.

Fifth Embodiment

In a fitth embodiment, a gesture recognition device is
described which has a function of learning and recognizing a
gesture in space (hereinafter denoted as a “space gesture” in
the present embodiment) using a neural network.

Note that the neural network refers to a network that repro-
duces the motions of neurons in the brain of an organism with
a simplified model using artificial neurons, and mutually
connects the artificial neurons hierarchically or in another
manner. In addition, by making the neural network learn the
weight or threshold value of each of coupling coefficients
between layers, the neural network is adapted to be able to
perform specific information processing.

As schematically illustrated in FIG. 40, the neural network
192 is configured to include a controller 191, input layer 193,
intermediate layer 194, output layer 195, tutor signal layer
196, and coupling coefficients 197.

The controller 191 converts a gesture determination value
into a neural network input signal to input the neural network
input signal to the input layer 193. At the same time, the
controller 191 inputs a tutor signal corresponding to the neu-
ral network input signal to the tutor signal layer 196.

The intermediate layer 194 and the output layer 195
respectively use the coupling coefficients 197 to perform
calculations. The controller 191 updates the weight or thresh-
old value of each of the coupling coefficients between adja-
cent twos of the layers such that an output of the output layer
comes close to the tutor signal. To perform the update, the
controller 191 determines a difference between the output
from the output layer and the tutor signal, and until the dif-
ference converges to a certain allowable value or less, repeat-
edly inputs a set of the neural network input signal and the
tutor signal to update the coupling coefficients 197. When the
difference between the output from the output layer 195 and
the tutor signal converges to the certain allowable value or
less, learning the tutor signal is ended.

After the end of learning one tutor signal, learning another
tutor signal is started. Subsequently, by repeating the same
learning until learning an N-th tutor signal, the neural net-
work 192 that can recognizes N types of space gestures can be
formed.

Next, recognition using the learned neural network 192 is
described. The controller 191 converts a gesture determina-
tion value into a neural network input signal to input the
neural network input signal to the input layer 193. The inter-
mediate layer 194 and the output layer 195 respectively use
updated coupling coefficients 197 to perform calculations.
The controller 191 outputs an output signal from the output
layer 195 to a processor 100 of a smartphone 1 as a neural
network output signal.

The processor 100 determines a difference between the
neural network output signal and a corresponding tutor signal
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to determine whether or not the difference is the certain
allowable value or less. At this time, when the difference
between the neural network output signal and the correspond-
ing tutor signal is the certain allowable value or less, a space
gesture made to the smartphone 1 is recognized as a learned
space gesture.

On the other hand, when the difference between the neural
network output signal and the corresponding tutor signal
exceeds the certain allowable value, the processor 100 does
not recognize the space gesture made to the smartphone 1 as
alearned space gesture. In such a case, when desiring to make
the processor 100 recognize the space gesture as a learned
space gesture, the neural network 192 may be configured to
be able to perform learning additionally.

FIG. 37 is a block configuration diagram of the smartphone
1 as the gesture recognition device in the fifth embodiment of
the present invention. As illustrated in FIG. 37, the smart-
phone 1 has the processor 100, and a motion detecting unit
110, storage unit 120, touch screen display 130, operation
button 140, speaker 150, microphone 160, camera 170, com-
munication unit 180, and neural network calculation unit 190
that are respectively connected to the processor 100. Note that
the neural network calculation unit 190 may be configured to
be connected through the communication unit 180. In such a
case, the processor 100 performs a process in the neural
network calculation unit 190, which is, for example, incorpo-
rated in a server, through the communication unit 180, and
thereby a processing load on the processor 100 can be
reduced. In the following, description of components redun-
dant with those in FIG. 3 is omitted.

The neural network calculation unit 190 is configured to
include, for example, a neuro-processor, and can perform a
learning/recognition process through the neural network 192.

FIG. 38 is a diagram illustrating a functional block of the
neural network calculation unit 190. A data storage unit 124
and the neural network calculation unit 190 are connected to
each other through the processor 100 (not illustrated), and
configured to be able to transmit/receive a neural network
input signal and a neural network output signal.

The data storage unit 124 includes a gesture determination
value storage unit 125, conversion table storage unit 126,
tutor signal definition table storage unit 127, and meaning
table storage unit 128. The gesture determination value stor-
age unit 125 is a storage area that can store gesture determi-
nation values.

The conversion table storage unit 126 is a storage area for
a conversion table 3901 that is referred to when converting a
gesture determination value into a neural network input sig-
nal.

The tutor signal definition table storage unit 127 is a stor-
age area for a tutor signal definition table 3902.

The meaning table storage unit 128 is a storage area for a
meaning table 3903.

The neural network calculation unit 190 includes: the con-
troller 191; and the neural network 192 configured to include
the input layer 193, intermediate layer 194, output layer 195,
and tutor signal layer 196. The controller 191 performs inte-
grated control of the neural network calculation unit 190 to
control the learning/recognition process of the neural net-
work 192.

FIGS. 39A, 39B, and 39C are explanatory diagrams illus-
trating contents of the conversion table 3901, tutor signal
definition table 3902, and meaning table 3903.

The conversion table 3901 is referred to when converting a
gesture determination value into a neural network input sig-
nal. The conversion table 3901 in FIG. 39A stores, as an
example, “+17, “=17,“+47, “-4” «-2” “-3” “43” and “+2”
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respectively in relation to gesture determination values “R”,
“L”, “F”, “B”, “rf”, “rb”, “1f”, and “Ib”.

The tutor signal definition table 3902 is a table for mutually
referring to a code and a tutor signal. Note that a “code” here
refers to information that relates a tutor signal and a space
gesture to each other. For example, in the case of learning a
space gesture corresponding to the code “1”, aneural network
input signal corresponding to the space gesture is inputted to
the input layer 193, and at the same time, a tutor signal
corresponding to the code “1” is inputted to the tutor signal
layer 196 as well.

The tutor signal definition table 3902 in FIG. 39B stores, as
an example, “1, 0, 0, 07,0, 1,0, 07, 0,0, 1, 07, and <0, 0, 0,
17 respectively in relation to the codes “17, “2”, “3”, and “4”.
In the present embodiment, as a code, a number is used;
however, a character, a symbol, a word or phrase having a
meaning, or the like is also possible.

The meaning table 3903 is for mutually referring to a code
and definition information. Note that “definition informa-
tion” here is information having some meaning for a user, and
information capable of specifying a code.

The meaning table in FIG. 39C stores, as an example, “A”,
“A”,“Z”,“Yamada, Taro” respectively in relation to the codes
“17, 27,37, and “4. Definition information can relate infor-
mation having some meaning for a user to, for example, a
learned space gesture. Details will be described later with
FIGS. 42A and 42B.

Next, a process to learn/recognize a space gesture is
described with reference to FIG. 40.

A space gesture in the present embodiment is configured
by an arbitrary combination of shake gestures and spin ges-
tures in the preceding embodiments (hereinafter denoted as
“basic gestures” in the present embodiment). For example,
referring to FIG. 6 to give description, a space gesture can be
configured by a “combination of lefiward and rightward
shake gestures from the basic posture”, “combination of
frontward and backward shake gestures from the basic pos-
ture”, “combination of leftward, backward, rightward, and
frontward shake gestures from the basic posture”, or the like.

As an example, a process to learn the “combination of
leftward, backward, rightward, and frontward shake gestures
from the basic posture” as a space gesture corresponding to
the code “1” is described.

When the above combination of the shake gestures is
detected, the processor 100 of the smartphone 1 outputs a
gesture determination value “L, B, R, F” to the gesture deter-
mination value storage unit 125.

Then, the controller 191 of the neural network calculation
unit 190 refers to the conversion table 3901 to obtain a neural
network input signal “-1, -4, +1, +4”.

The controller 191 inputs the neural network input signal
“~1, -4, +1, +4” to the input layer 193. At the same time, the
controller 191 refers to the tutor signal definition table 3902 to
input a tutor signal “1, 0, 0, 0” corresponding to the code “1”
to the tutor signal layer 196.

Subsequently, the intermediate layer 194 and the output
layer 195 use the coupling coefficients 197 to perform calcu-
lations, respectively. The controller 191 updates the weight or
threshold value of each of the coupling coefficients between
adjacent twos of the layers such that an output of the output
layer comes close to the tutor signal. To perform the update,
the controller 191 determines a difference between the output
from the output layer 195 and the tutor signal, and until the
difference converges to the certain allowable value or less,
repeatedly input a combination of the neural network input
signal and the tutor signal to update the coupling coefficients
197.
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Next, a process to use the learned neural network 192 to
recognize the space gesture corresponding to the code “1” is
described. The controller 191 converts a gesture determina-
tion value into a neural network input signal and inputs the
neural network input signal to the input layer 193. The inter-
mediate layer 194 and the output layer 195 use the updated
coupling coefficients 197 to perform calculations, respec-
tively. The controller 191 outputs an output signal from the
output layer 195 to the processor 100 of the smartphone 1 as
a neural network output signal.

In the case where a space gesture the smartphone 1 is made
to detect is “(1) the combination of leftward, backward, right-
ward, and frontward shake gestures from the basic posture”,
a gesture determination value is “L, B, R, F”, and a neural
network input signal is “~1, -4, +1, +4”.

In this case, the neural network input signal “-1, -4, +1,
+4” is the same as the neural network input signal at the time
of learning the space gesture corresponding to the code “1”.
For this reason, by inputting the neural network input signal
“~1, -4, +1, +4” to the input layer 193 of the learned neural
network 192, a neural network output signal that is the same
as or approximate to “1, 0, 0, 0” can be obtained from the
output layer 195.

On the other hand, the tutor signal corresponding to the
code “1” is also “1, 0, 0, 0”. For this reason, a difference
between the neural network output signal and the tutor signal
corresponding to the code “1” is determined to be equal to or
less than the certain allowable value. From the above, “(1) the
combination of the leftward, backward, rightward, and front-
ward shake gestures from the basic posture™ is recognized as
the space gesture corresponding to the code “1”.

In the case where a space gesture the smartphone 1 is made
to detect is “(2) a combination of frontward, rightward, back-
ward, and leftward shake gestures from the basic posture”, a
gesture determination value is “F, R, B, L”, and a neural
network input signal is “+4, +1, -4, -1”.

In this case, the neural network input signal “+4, +1, -4,
-1” is different from the neural network input signal at the
time of learning the space gesture corresponding to the code
“1”. For this reason, even by inputting the neural network
input signal “+4, +1, -4, -1 to the input layer 193 of the
learned neural network 192, a value that is the same as or
approximate to the tutor signal “1, 0, 0, 0” corresponding to
the core “1” cannot be obtained as a neural network output
signal.

The tutor signal corresponding to the code “1”is “1, 0, O,
07, and therefore a difference between the neural network
output signal and the tutor signal corresponding to the code
“1” is determined to exceed the certain allowable value. From
the above, “(2) the combination of the frontward, rightward,
backward, and leftward shake gestures from the basic pos-
ture” is not recognized as the space gesture corresponding to
the code “1”.

In the case where a space gesture the smartphone 1 is made
to detect is “(3) a combination of leftward, backward, right-
ward, and left-frontward shake gestures from the basic pos-
ture”, a gesture determination value is “L, B, R, If”, and a
neural network input signal is “~1, -4, +1, +3”. In this case,
only the last detected basic gesture is different from (1).

In this case, the neural network input signal “-1, -4, +1,
+3” is only partially different from the neural network input
signal at the time of learning the space gesture corresponding
to the code “1”. For this reason, by inputting the neural
network input signal “~1, -4, +1, +3” to the input layer 193 of
the learned neural network 192, a neural network output
signal such as “0.8, 0.2, 0, 0” approximate to “1, 0, 0, 0 can
be obtained.
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The tutor signal corresponding to the code “1” is “1, 0, 0,
07, and therefore a difference from the neural network output
signal “0.8, 0.2, 0, 0” is “0.2, 0.2, 0, 0”. Here, a comparative
example where a difference between “1” and “0.8” is “0.2”,
and a difference between “0”” and “0.2” is <“0.2” is described;
however, the present embodiment is not limited to this.

Inthe case where as the allowable value for each element of
the signal, “0.3” is set, each of the elemental differences
between the neural network output signal and the tutor signal
corresponding to the code “1” is “0.2” that is equal to or less
than the allowable value. For this reason, in this case, “(3) the
combination of the leftward, backward, rightward, and left-
frontward shake gestures from the basic posture” can be
recognized as the space gesture corresponding to the code
“17.

Even in the case where the same user attempts to make the
smartphone 1 detect the same space gesture, fluctuation or
subtle difference in gesture may occur in part of a detection
result of the space gesture depending on time or place. By
preliminarily performing a sufficient learning process, the
smartphone 1 can be made to recognize a space gesture even
in the case where part of a detection result of the space gesture
includes fluctuation or subtle difference in gesture.

Note that each of the input layer 193, intermediate layer
194, output layer 195, and tutor signal layer 196 of the neural
network 192 in FIG. 40 is described so as to have a configu-
ration to process a signal; however, the present invention is
not limited to this. For example, the neural network 192 may
be configured to process pieces of data as input data and
output data.

FIGS. 41A and 41B are flowcharts illustrating the space
gesture learning/recognition process. In the following,
description is given with reference to the flowchart.

First, described is a learning phase where the space gesture
learning process is performed. In S701, 1 is inputted to a
variable n. n is used to specify a code of a learning target
(S701). Then, in S702, it is determined whether or not learn-
ing has been completed to the last code. That is, when the
learning has been performed to the last code, and a difference
between a neural network output signal and a tutor signal has
been converged to a certain allowable value or less in learning
for every code, it is determined that the learning has been
completed to the last code (S702).

In S703, the controller 191 gives a neural network input
signal and a tutor signal to the input layer 193 and the tutor
signal layer 196, respectively (S703).

In S704, the controller 191 performs a calculation for the
intermediate layer 194 (S704). The calculation for the inter-
mediate layer 194 is performed using the coupling coefficient
197, and a calculation result is outputted to the output layer
195.

In S705, the controller 191 performs a calculation for the
output layer 195 (S705). The calculation for the output layer
195 is performed using the coupling coefficient 197, and an
output value is outputted from the output layer 195.

In S706, the controller 191 compares the output signal
outputted from the output layer 195 and the tutor signal with
each other. As a result of the comparison, a difference
between the output signal and the tutor signal is calculated,
and on the basis of the calculated difference, an update
amount of the weigh or threshold value of the coupling coet-
ficient 197 for the output layer 195 is calculated.

In S707, similarly, on the basis of the calculated difference,
an update amount of the weigh or threshold value of the
coupling coefficient for the intermediate layer 194 is calcu-
lated.
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In S708, on the basis of the update amounts of the weights
or threshold values of the coupling coefficients 197 calculated
in S706 and S707, the weights or threshold values of the
coupling coefficients 197 for the intermediate layer 194 and
the output layer 195 are updated.

In 8709, it is determined whether or not the learning for the
code “n” is continued (S709). That is, it is determined
whether or not the learning for the code “n” has progressed to
the extent that a difference between the neural network output
signal and the tutor signal is converged to the certain allow-
able value or less. When it is determined that the learning for
the code “n” is continued (S709: Yes), the processing steps in
S703 to S708 are repeated again to continue the learning. On
the other hand, when it is determined that the learning for the
code “n” is not continued (S709: No), the processing flow
proceeds to S710, where a process “n=n+1" is performed to
specify a next tutor signal.

After the end of the process in S710, the processing flow
returns to S702 again, where it is determined whether or not
the learning has been completed to the last code (S702). By
performing the learning to an N-th tutor signal according to
the processing flow as described above, the neural network
192 that can recognize N types of space gestures can be
formed.

Next, a performing phase is described where the space
gesture recognition process is performed. In S711, the con-
troller 191 gives a neural network input signal to the input
layer 193 of the learned neural network 192.

In 8712, the controller 191 performs a calculation for the
intermediate layer 194 in the same manner as that in the
processing step S704 (S712). The calculation for the inter-
mediate payer 194 is performed using the coupling coefficient
197, and a calculation result is outputted to the output layer
195.

In S713, the controller 191 performs a calculation for the
output layer 195 in the same manner as that in the processing
step S705 (S713). The calculation for the output layer 195 is
performed using the coupling coefficient 197.

In S714, the controller 191 outputs a calculation result in
S713 as a neural network output signal (S714).

Then, in S715, the processor 100 of the smartphone 1
determines a difference between the neural network output
signal and a corresponding tutor signal to determine whether
or not the difference is the certain allowable value or less
(S715). When the difference is the allowable value or less
(8715: Yes), the processor 100 recognizes a space gesture
(8716). On the other hand, when the difference exceeds the
allowable value (S715: No), the processor 100 does not rec-
ognize the space gesture (S717).

When the processing step S716 or S717 is finished, the
space gesture learning/recognition flow is ended.

FIGS. 42A and 42B are diagram illustrating an example of
screen transition during a period when the smartphone learns/
recognizes a space gesture. In the following, description is
given with reference to the diagram.

As an initial screen 4201, selection buttons 4210 and 4220
are displayed on the touch screen display 130.

First, sequential screen transition appearing when making
the smartphone 1 learn space gestures is described. When
pressing down the selection button 4210, a definition infor-
mation input screen 4202 is displayed on the touch screen
display 130.

In this example, “A” is inputted on the definition informa-
tion input screen 4202 as definition information. When input-
ting “A” in a definition information input form 4230 and
pressing down an enter button 4240, a gesture learning screen
4203 is displayed.
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When a user makes the smartphone 1 detect an arbitrary
combination of basic gestures while the gesture learning
screen 4203 is being displayed, the combination of the basic
gestures is learned as a space gesture corresponding to the
definition information “A”.

When it is determined that the learning of the space gesture
corresponding to the definition information “A” is continued
(FIG. 41B, S709), a learning continuation screen 4204 is
displayed on the touch screen display 130. When the learning
continuation screen 4202 is displayed, the gesture learning
screen 4203 is again displayed, and a display prompting
making the space gesture corresponding to the definition
information “A” is given.

On the other hand, when it is determined that the learning
of'the space gesture corresponding to the definition informa-
tion “A” is ended (FIG. 41B, S709), a selection screen 4205 is
displayed on the touch screen display 130.

When pressing down a selection button 4250 on the selec-
tion screen 4205, the definition information input screen 4202
is again displayed. The user inputs next definition informa-
tion (e.g., “A”) in the definition information input form 4230,
and can thereby make the smartphone 1 learn a space gesture
corresponding to the next definition information.

When pressing down a selection button 4260 on the selec-
tion screen 4205, the learning is ended, and the initial screen
4201 is again displayed.

Next, sequential screen transition appearing during a
period when making the smartphone 1 recognize space ges-
tures is described. When pressing down the selection button
4220 while the initial screen 4201 is being displayed, a defi-
nition information input screen 4206 is displayed on the touch
screen display 130. In this example, “A” is inputted on the
definition information input screen 4206 as definition infor-
mation. When inputting “A” in a definition information input
form 4270 and pressing down an enter button 4280, a gesture
recognition screen 4207 is displayed.

The user makes the smartphone 1 recognize a predeter-
mined space gesture while the gesture recognition screen
4207 is being displayed. If the user can successfully make the
smartphone 1 recognize the space gesture, which the smart-
phone 1 has been made to learn in relation to the definition
information “A” (FIG. 41B, S715), a gesture recognition
successful screen 4208 is displayed on the touch screen dis-
play 130.

On the other hand, the user makes the smartphone 1 rec-
ognize a predetermined space gesture while the gesture rec-
ognition screen 4207 is being displayed. If the user fails to
make the smartphone 1 recognize the space gesture, which
the smartphone 1 has been made to learn in relation to the
definition information “A” (FIG. 41B, S715), a gesture rec-
ognition failed screen 4209 is displayed on the touch screen
display 130. Then, the initial screen 4201 is again displayed.

In a variation of the present embodiment, an authentication
application 123 of the smartphone 1 can apply whether or not
aspace gesture is recognized to user authentication. That is, in
the case where an actor can successfully make the smartphone
1 recognize a space gesture, which a user has made the smart-
phone 1 learn in relation to definition information, the authen-
tication application 123 determines that the actor having
made the space gesture is the valid user. In this case, the
authentication application 123 provides a function of logging
in to a service, or the like subsequently to the gesture recog-
nition successful screen 4208 on the assumption that the user
authentication is successful. On the other hand, in the case
where an actor fails to make the smartphone 1 recognize a
space gesture, which a user has made the smartphone 1 learn
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in relation to definition information, the authentication appli-
cation 123 determines that the actor having made a space
gesture is an invalid user.

As described above, the gesture recognition device in the
fifth embodiment is characterized by having a function of
learning/recognizing a space gesture using a neural network.
This makes it possible for the gesture recognition device to
recognize an arbitrary space gesture as a value having some
meaning for a user.

As described above, the smartphone in each of the embodi-
ments of the present invention detects gestures, and on the
basis of the detected gestures in space, performs various
processes. This makes it possible for smart devices such as
smartphones to provide new operability to a user.

Also, any of the above-described embodiments is based on
a computer program to be executed on an information pro-
cessor, and therefore the present invention can take the form
of'a computer program. Further, the computer program can be
stored on a computer storage medium such as a CD-ROM,
and executed by a computer reading the storage medium, and
therefore the present invention can take the form of a com-
puter storage medium.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

What is claimed is:

1. A gesture detecting device comprising:

a motion detecting unit; and

a processor,

wherein the motion detecting unit outputs pieces of devia-
tion value in three-dimensional sensor axis directions in
response to a gesture made to the gesture detecting
device, and

wherein the processor is configured to:

when in response to the gesture made to the gesture detect-
ing device, first deviation value on a first sensor axis
changes so as to exceed a threshold value, and then the
first deviation value on the first sensor axis changes so as
to fall below the threshold value, detect a tilt of the
gesture detecting device to obtain a first direction deter-
mination value for the first sensor axis;

when in response to the gesture made to the gesture detect-
ing device, second deviation value on a second sensor
axis changes so as to exceed a threshold value, and then
the second deviation value on the second sensor axis
changes so as to fall below the threshold value, detect a
tilt of the gesture detecting device to obtain a second
direction determination value for the second sensor axis;
and

while in response to the gesture made to the gesture detect-
ing device, third deviation value on a third sensor axis is
changing so as to exceed a threshold value, obtain nei-
ther the first direction determination value nor the sec-
ond direction determination value, and thereby detects
the gesture made to the gesture detecting device.

2. The gesture detecting device according to claim 1,

wherein the processor is configured to:

when in response to the gesture made to the gesture detect-
ing device, the first deviation value on the first sensor
axis changes so as to exceeds the threshold value, and
then the first deviation value on the first sensor axis
changes so as to exceed a second threshold value differ-
ent from the threshold value, detect spin of the gesture
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detecting device to obtain a determination value indicat-
ing a spin gesture with respect to the first sensor axis; and

when in response to the gesture made to the gesture detect-
ing device, the second deviation value on the second
sensor axis changes so as to exceeds the threshold value,
and then the second deviation value on the second sensor
axis changes so as to exceed a second threshold value
different from the threshold value, detect spin of the
gesture detecting device to obtain a determination value
indicating a spin gesture with respect to the second sen-
SOr axis.

3. The gesture detecting device according to claim 2,

wherein the processor is configured to:
when obtaining only the first direction determination value
for the first sensor axis, output a gesture determination
value indicating that the gesture detecting device is tilted
in a direction specified by the first direction determina-
tion value;
when obtaining only the second direction determination
value for the second sensor axis, output a gesture deter-
mination value indicating that the gesture detecting
device is tilted in a direction specified by the second
direction determination value;
when obtaining both of the first direction determination
value for the first sensor axis and the second direction
determination value for the second sensor axis, output a
gesture determination value indicating that the gesture
detecting device is tilted in a direction that is substan-
tially intermediate between the direction specified by the
first direction determination value and the direction
specified by the second direction determination value;

when obtaining only the determination value indicating the
spin gesture with respect to the first sensor axis, output a
gesture determination value indicating that the gesture
detecting device is spun in a direction specified by the
determination value indicating the spin gesture with
respect to the first sensor axis;

when obtaining only the determination value indicating the

spin gesture with respect to the second sensor axis, out-
put a gesture determination value indicating that the
gesture detecting device is spun in a direction specified
by the determination value indicating the spin gesture
with respect to the second sensor axis; and

when obtaining both of the determination value indicating

the spin gesture with respect to the first sensor axis and
the determination value indicating the spin gesture with
respect to the second sensor axis, output a gesture deter-
mination value indicating that the gesture detecting
device is spun in a direction that is substantially inter-
mediate between the direction specified by the determi-
nation value indicating the spin gesture with respect to
the first sensor axis and the direction specified by the
determination value indicating the spin gesture with
respect to the second sensor axis.

4. The gesture detecting device according to claim 3, at
timing when outputting the gesture determination value, dis-
playing information related to the gesture determination
value in a display unit.

5. The gesture detecting device according to claim 3, at
timing when outputting the gesture determination value, giv-
ing an operation related to the gesture determination value to
a user interface displayed in a display unit.

6. The gesture detecting device according to claim 3, at
timing when outputting the gesture determination value, giv-
ing an output indicating a gesture mode of the gesture detect-
ing device, the gesture mode being related to the gesture
determination value.
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7. The gesture detecting device according to claim 6,

wherein the output indicating the gesture mode of the ges-
ture detecting device is a sound output, and

wherein the processor is configured to

at timing when outputting the gesture determination value,
output the sound output indicating the gesture mode
through a speaker.

8. The gesture detecting device according to claim 6,

wherein the output indicating the gesture mode of the ges-
ture detecting device is an image output, and

wherein the processor is configured to

at timing when outputting the gesture determination value,
display the image output indicating the gesture mode in
a display unit.

9. The gesture detecting device according to claim 3, fur-

ther comprising a storage part,

wherein the processor is configured to

store the gesture determination value in the storage part as
a time series combination, and

perform an authentication process by determining whether
or not the gesture determination value stored as the time
series combination corresponds with predetermined
information.

10. A gesture recognition device comprising:

the gesture detecting device according to claim 3, and

a neural network calculation unit,

wherein the processor of the gesture detecting device stores
a first series of gesture determination values detected by
the gesture detecting device in a storage part in time
series combination;
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the neural network calculation unit converts the first series
of gesture determination values stored in the storage part
into a neural network input signal, and inputs the con-
verted neural network input signal and a tutor signalto a
hierarchical neural network to thereby make the hierar-
chical neural network learn;

the processor of the gesture detecting device stores a sec-
ond series of gesture determination values detected by
the gesture detecting device in the storage device in time
series combination;

the neural network calculation unit converts the second
series of gesture determination values stored in the stor-
age part into a neural network input signal, then inputs
the neural network input signal to the hierarchical neural
network having been made to learn the converted neural
network input signal, and thereby obtains an output sig-
nal from the hierarchical neural network; and

the processor of the gesture detecting device determines a
difference between the obtained output signal and the
tutor signal, and when the determined difference is equal
to or less than an allowable value, recognizes that the
second series of gesture determination values are
detected for gestures that are same as a series of gestures
for which the gesture detecting device detects the first
series of gesture determination values.
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